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ABSTRACT 
 
Pete, Shandin, Hashkeh, M.S., December, 2006              Geology  
 
Characterization of Pre and Post Re-Naturalized Surface Water/Groundwater 
Exchange, Jocko River, Flathead Indian Reservation, Montana. 
 
Chair: Dr. William Woessner 
 Construction of flood protection levees in the 1950’s resulted in channel incision 
of 2200 ft of the Jocko River. Resulting floodplain water table lowering is thought to 
have altered surface water/groundwater interactions, impairing riparian habitat and trout 
fisheries. The objective of this research was to establish the hydraulic link between the 
stream and floodplain under pre-restored/re-naturalize conditions; assist the Confederated 
Salish and Kootenai Tribes in design and implementation efforts to re-naturalize the 
Jocko River. The Jocko River was instrumented with 11 staff gauges to establish river 
stage. Monthly water level monitoring of ~50 shallow monitoring and domestic wells 
along with continuous water level recorders were used to establish the pre- and post-
restoration water table position. Grain size analyses, falling head slug tests, seepage runs, 
mini-piezometers and streambed temperature profiles were used to define the direction 
and magnitudes of channel-groundwater exchange. Study results show the upper 6400 ft 
of the river in the study area is primarily a losing reach, whereas the lower portion is a 
gaining reach throughout the year. Seasonally, the transition point between gaining and 
losing sections migrates (~3000 ft) upstream. The floodplain aquifer hydraulic 
conductivities range from 7 to 280 ft/day whereas, riverbed vertical hydraulic 
conductivities range from 0.1 to 187 ft/day. Initial channel restoration increased the 
riverbed elevation (~ 3 ft). A correlation exist between river discharge and water table 
elevation changes near the river whereas, water table elevations further from the river are 
not correlated. Floodplain water table elevations increased (~0.5 to 1.8 ft) near the 
restored reach. Streambed vertical hydraulic conductivity and grain size distributions 
showed minimal changes. Vertical hydraulic gradients in the restored reach showed 
significant deviations (~0.4) from the pre-restoration established values and patterns. in 
June 2005, a runoff event exceeded a 20-year flood recurrence interval that may have 
reduced the ability to measure changes in surface water/groundwater exchange. The 
transient nature of this river and groundwater system calls setting clear quantitative 
restoration goals and objectives. Continued long term monitoring will allow for accurate 
assessment of the overall success of this restoration effort. 
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INTRODUCTION 
In the global hydrological cycle, water moves continuously above, on and below 
the surface of the earth (Gibert, 2003). Nearly all surface-water features (streams, lakes, 
reservoirs, wetland and estuaries) interact with groundwater (Winter et al. 1998). 
Annually, groundwater makes up approximately 40 percent of stream discharges in the 
United States (USGS, 1988).  
It is recognized that surface water also leaves the channel and mixes with adjacent 
groundwater. This near channel zone is referred to as the hyporheic zone or hyporheic 
system (Winter et al., 1998).  Fernald et al. (2000) analyzed water quality effects of the 
hyporheic system of the Willamette River between Eugene and Corvallis, OR and 
estimated that more than 70 % of the river’s flow at some point becomes hyporheic.  
The hyporheic process occurs at multiple scales, ranging from centimeters to 
several hundred meters (Hayashi and Rosenberry, 2002). Researchers have suggested that 
channel morphology and hyporheic exchange are linked. However, this relationship is 
poorly understood and requires additional investigation (Kasahara and Wondzell, 2003).  
Modification of the channel/floodplain system can impact both the physical and 
hydrological function of a river system. For example, Florsheim and Mount (2002) 
examined floodplain splay complexes and found that complex topography influences 
local groundwater depth and riparian vegetation establishment. Baired and Wilby (1999) 
provide examples of how exchange between groundwater and surface water affect 
interface ecology, and how the biological communities in turn affect groundwater/surface 
water exchange.  
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It has become increasingly apparent that changes to the depth of the water table 
caused by channel modification impacts riparian vegetation establishment at multiple 
temporal and spatial scales (Le Maitre et al., 1999; Kondolf, 2000). The connective 
processes along the hyporheic corridor must be better understood if river ecosystems, 
especially those involving large components of floodplains are to be protected and/or 
rehabilitated (Stanford & Ward, 1993). 
  In the U.S., there are approximately 3.6 million miles of rivers, of which 500,000 
miles have been identified as needing restoration (EPA, 2000). State governments 
dedicate almost $500 million and federal government nearly $10 billion to water resource 
protection and restoration efforts each year (EPA, 2000). Although stream restorations 
are increasingly common, the setting of restoration criteria and post restoration 
monitoring are still rare (Kondolf & Micheli, 1995; Bernhard et al, 2005). Project success 
can only be evaluated in reference to objective measures of environmental change, and 
these require good baseline data. Such a data set should be compiled well in advance of 
construction activities (Kondolf, 1995). Also, restoration must not only address 
connectivity between the river channel and the floodplain, but also between surface water 
and groundwater (Schiemer, 1995; Ward and Stanford 1995). 
Incision of the main channel of the Jocko River at and around the Montana Fish 
Wildlife and Parks (FWP) Jocko Fish Hatchery in Arlee, Montana, has occurred as a 
result of the construction of flood protection levees (CSKT ARCO-Settlement ID Team, 
2000). Ward et al. (1998) noted that channel incision leads to increased drainage and 
lowering of the floodplain water table levels throughout a modified reach. Wondzell and 
Swanson (1998) also suggest that channel incision lowers the water table causing 
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abandonment of secondary channels and a decrease in the spatial extent of the hyporheic 
zone. Such channel and surface water changes are viewed as impacting both fisheries, 
and riverine and riparian habitat.  
The Confederated Salish and Kootenai Tribes (CS/KT) have implemented a 
demonstration project to re-naturalize 3,400 ft of the Jocko River above the FWP Jocko 
Fish Hatchery (Figure 1). In October of 2003, work was initiated to study: (1) The 
groundwater system of the Jocko River floodplain in and around the restoration reach; (2) 
the interaction between the surface water and groundwater before and after restoration/re-
naturalization. This study provides a preliminary definition of the pre-existing 
hydrogeologic framework and an initial investigation of the response of the surface water 
and groundwater system to restoration.    
Purpose 
The overall goal of this project is to establish the hydraulic link between the stream 
and floodplain under pre-restored conditions and its response to initial restoration efforts.  
This work will assist the Confederated Salish and Kootenai Tribes (CS/KT) in designing, 
constructing and assessing efforts to restore/re-naturalize additional reaches and 
floodplains of the Jocko River. This thesis summarizes data collected Between February 
2004 and September 2005. The specific objectives are to: 
1. Collect baseline surface water/groundwater interaction data to define channel and 
floodplain scale surface water/groundwater interaction. 
2. Assess results of initial stream channel re-naturalization. 
3. If appropriate, suggest how modifications of current restoration practices and 
plans will impact desired outcomes.  
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Previous Investigations 
This study focuses mainly on a segment of the Jocko River. Past studies have 
described more generalized geological properties and hydrological processes of the valley. 
Wheeler et al., (1969) described the fluvio-glacial landforms, land use and soils. 
Background materials for the current study drew mainly from three hydrogeological 
reports (Thompson, 1988; Slagle, 1988; and Makepeace, 1989). Slagle (1988) reports on 
the hydrogeology of the entire Flathead Indian Reservation but provides some 
information on the Jocko Valley including the general direction of groundwater flow and 
Figure 1. The Jocko Valley located within the Jocko River watershed in Western Montana. 
Cutout is the Jocko Valley highlighting the Jocko River study area and other important features. 
Jocko River 
Fish 
Hatchery 
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depth to bedrock in the Jocko Valley. Thompson (1988) described the hydrologic 
connection between surface water and groundwater of the Jocko Valley. Thompson (1988) 
provided information concerning the aquifer properties of the alluvial deposits, and how 
surface water and agricultural practices affected groundwater elevations and recharge. 
Makepeace (1989) specifically reports on the Jocko Valley and its coarse-grained aquifer. 
Makepeace is the first to utilize a numerical model to simulate groundwater flow in the 
Jocko Valley. Specifically, the investigator used monthly monitoring of existing and 
constructed wells, and pumping tests to develop and calibrate a numeric model of the 
groundwater system. 
 
Site Description 
The Jocko watershed is located on the Flathead Indian Reservation in western 
Montana. Within this 246,000 acre watershed is the Jocko Valley, a small steeply 
concave intermontane basin (Wheeler and Lehne, 1969; Thompson, 1988) (Figure 1). 
The Jocko Mountains, to the east, are a network of late Cretaceous thrust faults and folds, 
and Tertiary block faults (Ort, 1992). PreCambrian metasediment rock of the Belt 
Supergroup underlies and surrounds the Jocko Valley (Thompson, 1988). The south and 
east end of the Jocko Valley is characterized by a series of terminal moraines and alluvial 
fan deposits that spill from the canyons of East Finley Creek and Agency Creek 
(Thompson, 1988; Alt and Hyndman, 1986). The Jocko River emerges from the Jocko 
canyon and flows across the Jocko alluvial fan leaving valley near Ravalli, MT. 
The Jocko River drains 80 mi2 and has an estimated average flow between 60 and 90 
cfs (Makepeace,1989).  The USGS gage #12381400 located approximately 7.0 miles 
upstream of the Jocko Canyon (South Fork of the Jocko River near Arlee MT) recorded 
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an average annual flow of 56.7 cfs from 1983 to 2002 with a maximum peak flow of 107 
cfs in 1997. Historical records (from 1907 and 1908) for USGS gage #12388000 located 
at Ravalli, MT (draining 348 mi2) recorded flows of 390 cfs and 431 cfs, respectively 
(Figure 2).  
Ponderosa pine (Pinus ponderosa)/red osier dogwood (Cornus Sericea) and black 
cottonwood (Populus balsamifera ssp. trichocarpa)/red osier dogwood (Cornus Sericea)   
communities dominate riparian and floodplain vegetation. Floodplain vegetation within 
the project area has been impacted by the clearing of cottonwoods for cattle grazing. This 
has lead to the introduction of invasive weed species. In undisturbed sites, early seral 
vegetation stages are present on alluvial bars, which then transition to mid-seral and late-
seral stages (CSKT ARCO-Settlement ID Team, 2000). 
 
USGS # 12388000 Jocko River at Ravalli MT
USGS # 12388200 Jocko River at Dixon MT
USGS #12381500 Jocko River bl South Fork nr Jocko MT
USGS #12381400 South Fork Jocko River near Arlee MT
Figure 2. Map of the Jocko Valley showing the location of USGS gauging stations used for this 
study. 
5 miles 
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Three adjacent fans form the main surficial features and the main aquifer systems 
in the upper Jocko Valley (Makepeace, 1989) (Figure 3). The Jocko Fan consists of 
lateral valley-fill sedimentary packages dominated by coarse gravel, cobbles and boulders, 
and is underlain by mixed units of silt and silty gravel that extends to a depth of 200 ft 
(Thompson, 1988; Slagle, 1988; Makepeace, 1989). The sediment is saturated and forms 
a productive unconfined aquifer. The hydraulic conductivity of the Jocko Fan aquifer was 
reported as 53 ft/d based on aquifer tests (Makepeace, 1989), 500 ft/d from drill cutting 
analysis (Sagle, 1988) and 267 ft/d from earlier aquifer tests (Thompson, 1988). The 
general flow of groundwater is to the northwest though little is known of the extent of 
interbasin and regional flow in or out of the Jocko Valley (Figure 3).  
 
 
Figure 3. Map of the Jocko Valley showing generalized flow of groundwater (adapted from 
Makepeace, 1989) (Arrows indicate the direction of groundwater flow, contour interval is 25 feet)
Fish Hatchery 
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Surface water/Groundwater Interaction 
 
The Jocko River loses flow (recharging the groundwater) once it leaves the Jocko 
Canyon. As it approaches Arlee, the water table becomes higher than the channel 
elevation and groundwater discharges to the river (Makepeace, 1988). The Jocko River 
exhibits localized seasonal variations in the length of gaining and losing reaches. In early 
summer the water table rises and the gaining reach of the Jocko River is extended 1.5 
miles upstream of the Jocko Fish Hatchery (Makepeace, 1989). During the winter months 
the position of the losing reach migrates down stream.  
Construction of flood protection levees by the US Army Corp of Engineers in 
response to the flood of 1948 is thought to have caused channel incision over most of the 
study area (Figure 4). The Jocko River restoration demonstration reach is located near the 
FWP Jocko Fish Hatchery where approximately 8000 ft of channel, riparian habitat and 
 
 
 
FWP Jocko Fish Hatchery
 Flood protection levee’s
Figure 4. Map of the study area showing the Jocko Fish Hatchery, flood protection levees, current 
river location (blue line) and the new channel configuration (solid red line). The dashed red line 
shows the segment scheduled for future restoration.
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floodplain is scheduled for re-naturalization (Figure 4). Restoration will re-establish 
meander bends, decrease overall bed slope and increase channel bed elevations up to 4 
feet at some locations. Groundwater/surface water baseline data are needed to 
characterize pre re-naturalized conditions and to gauge the success of instream channel 
design, riparian restoration and reconnection of the floodplain with the channel. 
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METHODS 
 
Review of USGS topographic maps provided a general overview of the aspect and 
slope of the Jocko Valley and geomorphic features. Initial aerial photogrammetric 
surveys were conducted in 2002 by the CS/KT Department of Natural Resources. From 
these data, longitudinal profiles were compiled for the Jocko River at the restoration site. 
CS/KT Water Resources personnel surveyed cross-sections along the Jocko River in the 
restoration reach. Monitoring wells and staff gage elevations were found using 
differential survey methods. 
A review of driller’s well logs in the area surrounding the study site provided an 
overall sense of the subsurface material as well as a general idea as to the depth to 
bedrock. Well logs were used to construct geological cross sections for the study reach 
(Appendix A).  
General stream flow data were obtained from the U.S. Geological Survey state 
network of continuous gauging stations. Daily stream flow data for the year of interest 
were retrieved from USGS gauge #12388200 on the Jocko River at Dixon MT and USGS 
gauge #12381400 on the South Fork of the Jocko River near Arlee MT. Historical stream 
flow data were also retrieved from USGS gauge #12388000 and gauge # 12381500. 
River Stage 
To establish the river stage within the study site a network of ten staff gauges was 
installed (Appendix B). Staff gauges, installed at 10 locations, consisted of a 36-inch 
metal ruler wired to a 8-foot metal fence post. Fence posts were driven securely into the 
riverbed with a slide hammer (adjacent to mini-piezometer and sandpoint temperature 
arrays) 
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Figure 5. Aerial map of the project area showing the location and names of staff gages, 
piezometers and temperature arrays monitored in this study. 
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(Figure 5). Staff gauge locations were each assigned a unique number, according to its 
location (on a transect) preceded by the notation “SG” denoting “Staff Gage” (example 
SG 5 = staff gage located on transect 5). At SG4 a stand pipe (Figure 6) was inserted into 
the streambed near the bank to house a Model 3001 Levelogger®. The Levelogger® is a 
7/8" diameter data logger (pressure and temperature). The pressure transducer was set to 
monitor hourly river stage fluctuations and temperature variations (Appendix C). 
Stream Channel Characteristics 
The sediment characteristics of the stream channel were established by sampling 
and describing the bed sediments. Streambed core samples were collected by CS/KT 
fisheries personnel. Riverbed sediment core samples were collected at SG1 and SG 4 
Figure 6. Diagram showing SG4 and the construction of an in-stream standpipe equipped 
with a Levelogger® Transducer. 
 
4.92 ” 
7/8 ” 
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both before and after restoration (Appendix D). Samples were taken at mid-channel and 
at the left and right bank margins. Samples were collected in the substrate at glides or 
runs with well-sorted gravels. Samples were collected using a standard 15.2 cm McNiel 
corer. To obtain a sample, the corer is manually driven into the sediment to a depth of 
15.2 cm. The substrate is then removed from within the corer and placed into storage 
bags. The collected samples were analyzed according to ASTM D422-63 - Standard Test 
Method for Particle-Size Analysis of Soils (ASTM, 2002). 
Water Table Monitoring 
The floodplain groundwater system was examined by establishing a network of 
shallow wells (Figure 7). A total of 33 small diameter monitoring wells were installed. 
Small diameter wells consisted of 1 ¼” diameter steel pipe in 3 foot sections. The 
screened interval was constructed of 3 foot long 1 ¼” diameter sandpoint (Figure 8). 
Each well within or near a transect is identifiable by one number corresponding to the 
transect it is on or near and a letter corresponding to its location along the transect with 
the southern most wells being the origin (for example 5A=the southern most well along 
transect 5). 
Well installations began in October of 2004 and continued through December 
2004. A Geoprobe® Model 5400 mounted on the back of a four-wheel drive truck was 
used to install the wells to various depths using a direct-push techniques. Direct push 
machines use static weight (truck body and frame) and dynamic percussion (pneumatic 
hammer) to advance small-diameter tools into the subsurface. Where subsurface 
conditions prevented installation of an assembly of steel pipe and a sandpoint, a pilot hole  
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Figure 7. Aerial map of the project area showing the location and names of well monitored in this 
study. 
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was driven and a 1” diameter PVC casing was inserted. . Where accessibility was limited, 
wells were installed with a simple slide hammer. A section of 3’ by 1 ¼” diameter pipe 
was attached to the top of the sandpoint and driven into the ground. After having driven 
the sandpoint to the desired depth, the driving portion of the assembly was removed. All 
wells were back filled, where necessary, with native material and developed by bailing 
(1” diameter and 18” length).  
Other wells located around and near the project were also monitored (Figure 7). 
Prior to this study, nine wells were installed by the Arlee Fish Hatchery to monitor 
groundwater levels around their subsurface collection system. A series of buried 
perforated pipes collect groundwater from the floodplain to feed the brooding tanks used 
3 ft
3 ft
1 ¼ “ 
Figure 8. Example of a sandpoint monitoring well and its installation in the floodplain. 
Depth of installation varied.   
Ground 
Surface 
Top of 
Water 
Table 
Screened 
Interval 
Solid 
Interval 
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for rainbow trout production. The monitoring wells are constructed of 4” slotted PVC. 
These wells were previously assigned unique identifiers that included the letter “FH” 
followed by a number. Also monitored were 9 domestic wells located above the 
floodplain and surrounding the project area. Domestic wells were assigned a simple 
number designation in no specific order.  
Hydraulic Conductivity 
 A number of techniques were used to investigate the hydraulic conductivity of the 
floodplain aquifer and the bed of the Jocko River (Appendix E). To establish streambed 
vertical hydraulic conductivity values, slug tests were employed by using the methods 
described in Hvorslev (1951) and Bower and Rice (1976). Streambed temperature 
profiles were also monitored, as described below, to derive vertical hydraulic 
conductivity values (Lapham,1989; Healy and Ronan, 1996; and Schmidt et al., 2005). 
Methods described by Shepard (1989) were used to arrive at vertical hydraulic 
conductivity values from streambed core samples and grain size analysis. Darcy's law 
was applied to vertical hydraulic gradient and stream seepage data to estimate average 
vertical hydraulic conductivity values for the streambed sediment in each of the seepage 
reaches (Darcy, 1856). Floodplain aquifer hydraulic conductivities were derived using 
pneumatic slug tests as described by Butler et al. (2003). Passive monitoring of water 
table response to flood pulses in the river was used to derive floodplain transmissivity 
(Pinder et al., 1969).  
Surface Water/Groundwater Exchange 
Characterization of river channel, floodplain and groundwater exchange 
throughout the study site was determined by comparing stream stages, flood plain and 
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groundwater levels, and directly measuring water exchange rates in the stream channel. 
In-stream piezometers were installed in the bed of the river at various depths and at 
locations within and beyond the project area (Figure 5). The piezometers were 
constructed of 5 ft long ¾” diameter metal pipe. Drive tips were welded to one end and 
thereafter seven to eight ¼” holes were drilled on the end of the pipe (Figure 9).  These 
miniature monitoring wells were used to make direct comparisons of surface water stage 
with groundwater. Once an appropriate location was determined away from riffles and 
point bars, a 7.0 ft long metal rod was inserted into the open end. A standard metal slide 
hammer was then used to strike the metal rod and thus driving the mini-piezometer into 
the streambed. A total of ten (10) piezometers were installed and monitored to establish 
vertical hydraulic gradients. Each of the mini-piezometers was installed at varying depths 
in the streambed ranging from 3.75 ft to 3.10 ft.  
The surface water head or the height of the free surface of a water body above or 
below a given subsurface point, and the groundwater head were compared by direct 
measurement. Surface water elevations were measured using a standard pocket tape while 
the groundwater head was measured using an electric tape. The top of the pipe was used 
as a reference point for both measurements. When these values are subtracted and divided 
by the length of the piezometer penetrating the bed of the sediment, the vertical hydraulic 
gradient was computed. When the groundwater level inside the mini-piezometer is 
greater than the surface water measurement then it is assumed that there is a positive 
upward vertical hydraulic gradient. If the opposite occurs, where surface water 
measurements are greater than groundwater measurements, a negative or downward 
vertical hydraulic gradient is observed. Upward vertical hydraulic gradient indicate the 
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stream is gaining or groundwater is discharging to the surface water system. A negative 
or downward vertical hydraulic gradient indicate a losing condition, where surface water 
is leaking into the surrounding aquifer.  
Mini-piezometers were installed from the months of October 2003 through March 
of 2005. Eleven (11) mini-piezometers were installed throughout and beyond the project 
reach (Figure 5). Once installed as described above, the mini-piezometers were 
developed using a standard electric drill rigged with a peristaltic pump and length of 
surgical tubing. Once it was determined that the mini-piezometer was hydraulically 
connected to the riverbed, initial measurements of surface water and groundwater were 
Figure 9. Piezometer construction with typical layout of instrumentation at each transect in the 
river  
5 ft 
¾” 
  
 
•••    • 
 
 •        •   
¼” 
holes 
Water 
Surface 
Stream
bed 
Surface 
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made. Monitoring of this network of mini-piezometers occurred from February 2004 
through May of 2005 
Temperature Monitoring 
Streambed temperature was monitored throughout the project site to establish 
surface water and groundwater exchange locations and rates. Temperature profiles were 
monitored using iButton© thermistors inserted into 4 ft long 1 ¼” diameter sandpoints 
within streambed material at designated locations. Temperature profile data collection 
methods were similar to those described in Constantz, et al. (2002), Stronestrom and 
Constantz (2003) and Johnson et al. (2005). After sandpoint installation an array of 
iButton© thermistors were fastened to a ½ inch diameter by 3ft long HPVC pipe at 9 inch 
Figure 10. Construction of a typical temperature array and its general position in the 
streambed.  
 
Water 
Surface 
Stream
bed 
Surface 
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intervals (Figure. 10). Each iButton© was segregated from its upper and lower neighbor 
by baffles. The baffles were constructed of standard household pipe insulation and utility 
grade duct tape. Surface water and groundwater temperatures were also collected on an 
hourly time scale from a Model 3001 Levelogger’s® installed at SG4 and wells 2A, FH2, 
5A and 8B 
Streambed temperature profile data were analyzed using a variety of analytical 
and numerical methods. The numerical model VS2DI, developed by the USGS, was used 
to analyze temperature profile signatures to determine point exchange rates and direction 
of hyporheic water movement (Healy and Ronan, 1996). The analytical methods 
described by Lapham (1989) and Schmidt et al (2005) were used to derive flux rates and 
vertical hydraulic conductivity values.  
Seepage  
In addition to the previously mentioned techniques, stream discharge 
measurements and dye tracer tests were used to quantitatively determine stream and 
groundwater exchange rates. Seepage runs were conducted at various times to evaluate 
total gains or losses in stream discharge with in the study reach. The CS/KT Water 
Resources Hydrographers performed five seepage runs within the project area. Using 
standard methods (Rantz et al., 1982), measurements were made using a Price AA current 
meter or similar device. Calculations of stream discharge were evaluated using the 
integrated cross-section method described by Rantz and others (1982).  
Stream flow gains or loses within a segment of the river was derived by the 
following calculation: 
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Net seepage gain or loss = Qd – T – Qu + D. 
Where 
 Qu  = discharge at the upstream end of a reach. 
 Qd = discharge at the downstream end of a reach. 
 T = sum of all tributary inflows within the reach; and  
 D = sum of all irrigation or diversion outflows within a reach.  
 
Dye Tracer Test 
 A dye tracer test was conducted in December 2004 to gather preliminary data on 
time of travel and channel floodplain exchange. 1 Liter of Rhodamine WT dye was 
introduced into the river using methods described in Kilpatrick et al. (1989). Sampling 
sites were designated at or near staff gauge locations downstream. Water samples were 
collected at the surface at various time intervals. River discharge measurements were 
conducted concurrently at the sampling sites. Analysis of water samples was completed 
with an Aquafluor™ Handheld Fluorometer. Tracer test results were assessed to derive 
transient storage parameters using the solute transport model OTIS-P (Runkel, 1998). 
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RESULTS 
Geological Setting 
The study site is located in what is considered to be glacial outwash deposits that 
make up the Jocko Fan (Figure 1, pg. 4). Elevations range from 8000 ft in the Jocko and 
Rattlesnake Mountains to 2900 ft on the floor of the Jocko valley. Portions of the fan 
located northwest of Arlee contain a near surface layer of silty sediments which 
transitions into sand, gravel and boulders containing minor amounts of clay as you move 
down the fan (Thompson, 1988; Makepeace, 1989). In the eastern half of the Jocko 
valley, domestic wells are commonly finished between 140 ft and 200 ft below the 
ground surface. They commonly do not encounter bedrock. Domestic wells completed 
adjacent to the study site penetrate 15 to 20 feet of sand, gravel and boulders; 20 to 30 
feet of sand and clay and over 30 ft of sand and gravel (Figure 11). 
Hydrology 
 Precipitation and snow pack data were compiled from the US Department of the 
Interior AGRIMET station located in St. Ignatius, Montana (SMIG) and from an NRCS 
SNOTEL station located in the North Fork of the Jocko (Figure 12). Data from the NRCS 
SNOTEL station located in the North Fork of the Jocko indicates that precipitation occurs 
as snowfall between November and March. The seasonal peak snow water equivalent at 
the same location occurs during the months of March and April (Figure 13). The wettest 
months at the AGRIMET station (SMIG) located in St. Ignatius, MT, are May and June. 
This station typically records less precipitation than the North Fork Jocko SNOTEL 
station. This variation is due to the difference in elevation of the two respective stations. 
The SNOTEL station is located in the Jocko Valley basin at an elevation of 6330 ft and in
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Figure 11. Cross-section showing the geology and reference elevation of subsurface layers from 
selected well logs within the study site. Datum is sea level.  
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SMIG - Agrimet Weather Station - St. Ignatius, MT 
SNOTEL - NRCS weather station - North Fork Jocko, MT
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Figure 13. Cumulative monthly and yearly precipitation and snow/water equivalents for locations 
near the study site. 
 
Figure12. Map of the Jocko and Mission Valley showing the location of weather stations used in 
this study. 
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mountainous topography, while the AGRIMET (SMIG) station is located approximately 
15 miles north of the Jocko Valley at St. Ignatius, MT., at an elevation of 2990 ft.   
 In 2004, the SNOTEL and the SMIG station both recorded slightly more rainfall 
than in 2005 (Figure 13). In 2004, the highest snow water equivalent of 39.8 inches 
occurred in late March, while in 2005 a peak of 29.7 inches occurred in early April. Both 
2004 and 2005 values are below the average peak snow water equivalent of 45.5 
indicating both years were dryer than normal. In 2004, the highest monthly precipitation 
at the SMIG station was 3.22 inches in May, while the driest months were September and 
October. In 2005, the highest monthly rainfall amount was 4.94 inches in June. 
Jocko River discharge was obtained from USGS gauge #12381400 on the South 
Fork of the Jocko River, and USGS gauge #12388200 located near the mouth at Dixon, 
Montana (Figure 14). The discharge hydrograph is typical of a snowmelt driven stream 
(CSKT ARCO-Settlement ID Team, 2000) (Figure 15). In 2004 at the South Fork 
Station, average discharge was 42.7 cfs with a peak discharge event of 226 cfs occurring 
in early June 2004. In 2005, average discharge was 76.8 cfs with a peak discharge event 
of 571 cfs occurring also in early June. The average annual discharge is 56.5 cfs which is 
greater than the average discharge for 2004 indicating a dry year, whereas the average 
discharge for 2005 is greater, indicating a wetter year.  
The Jocko River gains, on average 160 cfs between the two gauges. The flow at 
the lower end of the Jocko River is supported primary by inflows from groundwater in 
the winter months (CSKT ARCO-Settlement ID Team, 2000). During the period of this 
study, from January 2004 to September 2005, river stage was monitored from installed  
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USGS # 12388200 Jocko River at Dixon MT
USGS #12381400 South Fork Jocko River near Arlee MT
Figure 14. Map of the Jocko Valley showing the location of USGS gauging stations used for this 
study. 
Figure 15. Comparison of daily mean discharge for locations at the headwaters and the mouth of 
the Jocko River.  
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Figure 16. Observed river stage at SG 0, 3, 6 and 10 compared to discharge measurements from 
USGS gauging station #12381400 located upstream of the study site. 
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stage gauges as described previously. The stage recorded at the study site closely follows 
the peaks and troughs observed at USGS stations (Figure 16). An exception to this trend 
is the stage of the river at SG 3 that exhibited a rise between August 2004 and October 
2004. This response may be a result of restoration efforts that included the bed elevation 
being raised. 
Bed Sediment 
 Graphical analysis of cumulative percent frequency distribution curves suggests 
that the river bed sediment is poorly sorted alluvium, comprised mostly of gravel and 
stone sized material (Figure 17, Table 1). One exception is observed in the sample 
collected at SG 4 on the left bank margin. The coefficient of curvature (Cc) from this 
sample suggests that the sample is gap graded, meaning there is a deficiency of a 
particular grain size (US Army, 1997). The cumulative percent frequency distribution 
curve for this sample illustrates a flat spot between the 25 mm and 50 mm grain sizes. 
Table 1. Summary of riverbed sediment characteristics from grain size distribution curves. 
Coefficient of Uniformity (Cu) = d60/d10; Coefficient of Curvature (Cc) = d302/Cu   
 
 Pre-Restoration @ SG4  Pre-Restoration @ SG1 
 Left Mid Right  Left Mid Right 
d10 0.9 1.5 1.6  1.0 1.4 1.8 
d30 2.9 5.3 6.4  4.3 5.0 12.5 
d50 8.0 16.0 17.0  12.0 18.5 42.0 
d60 13.4 23.0 24.0  19.0 25.0 60.0 
d90 62.0 44.0 85.0  60.0 90.0 90.0 
        
Geometric Mean 21.8 18.8 34.9  22.3 33.5 44.0 
Cu 15.8 15.3 15.0  19.0 17.9 33.3 
Cc 0.5 1.8 2.7  1.0 1.4 4.7 
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Figure 17. Grain size distribution curves for riverbed sediment samples taken at SG 1 and SG 4 
before restoration activities. Samples were taken at mid channel, left and right margins of the 
bank.  
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Hydraulic Conductivity 
Floodplain aquifer tests produced values with two orders of magnitude difference. 
Pneumatic slug tests produced values ranging from 6 ft/day to 27 ft/day (Figure 18, Table 
2), while flood pulse analysis values ranged from 258 ft/day to 297 ft/day (Table 2). 
Table 2. Comparison of vertical hydraulic conductivity values derived from various methods in 
the bed of the Jocko River and horizontal hydraulic conductivity in the floodplain surrounding the 
study area. 
StreamBed Kvertical (ft/d) SG 1 SG 2 SG 3 SG 4 SG 5 SG 6 SG 7 SG 8 SG 9 
 Lapham  4.0 105.0 2.0 4.0 9.0  187.0 16.0 
 Schmidt et al.  0.1 1.0 0.1 3.0 6.0 3.0 2.0 4.0 
 VS2DI  23.0 23.0 39.0 16.0   46.0 16.0 
          
 Falling Head 
 (Hvorslev)   8.6 37.7 48.5     
 Grain-Size  
 (Shepard’s Equation) 7.9   2.3      
          
 SG 0-2 SG 2-3 SG 3-6 SG 6-8 SG 8-10 
 Seepage  
 (Darcy's Law) 77.6 87.0 43.7 62.8 79.1 
          
FloodplainK horizontal(ft/d) Well 2B Well 8B Average  WellFH2 Well 5A Average 
 Pneumatic Slug 27.3 6.3 16.8     
 Flood Pulse      297 258 277.5 
         
 
Figure 18. Location of hydraulic conductivity tests. 
Well 8B
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Well FH2
Well 2B 
SG 4
SG 0
SG 3 SG 10 
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Makepeace (1989) reported an average hydraulic conductivity value, derived from well 
log data, of 268 ft/day for the Jocko Fan. 
The range of vertical hydraulic conductivity values for the riverbed varied by 
river segment (Figure 19). Vertical hydraulic conductivity values derived from streambed 
temperature signatures ranged from 0.1 ft/day to 186 ft/day. Comparison of vertical 
hydraulic conductivity derived from temperature analysis show that the analytical method  
presented by Lapham (1989) produce the highest values. The numerical model VS2DI 
produced values within the same order of magnitude. The analytical method presented by 
Schmidt et al. (2005), using upward groundwater flow velocities, arrived at the lowest 
vertical hydraulic conductivity values.  
Vertical hydraulic conductivity values derived from seepage runs and vertical 
hydraulic gradient data sets produced the values ranging from 44 ft/day to 87 ft/day.  
Figure 19. Comparison of vertical hydraulic conductivity values derived from various methods in 
the bed of the Jocko River 
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Falling head tests described by Hvorslev (1951) ranged from 9 ft/day to 49 ft/day Vertical 
hydraulic conductivity values derived using grain-size analysis (Shepard’s equation) 
ranged from 2 ft/day to 8 ft/day.  
Groundwater System 
The well network was monitored periodically from March 2004 to September 
2005 to evaluate the behavior of the floodplain aquifer to water level changes in the river 
(Appendix F). Depth to groundwater in the floodplain varied from 8 ft to 1ft. The months 
prior to spring runoff had the lowest water table while the highest water table levels 
occurred during the spring runoff period. In February 2004, groundwater in the floodplain 
was between 3 and 8 feet below the ground surface. In June 2004, after spring runoff, the 
water table occurred between 1 and 6 feet below the land surface. In early fall, October 
2004, the depth to groundwater increased slightly, between 2 and 7 feet below land 
surface. Overall, the depth to groundwater was the least in the southern portion of the 
floodplain.  
Water levels in wells completed near the bank of the Jocko River were highest 
when river stage peaked (Figure 20). Water levels in wells located further from the 
channel exhibited a lagged response to peak river stage. River stage peaked in early June 
while water levels in floodplain wells peak in late August and mid-October. Water levels 
in floodplain wells slowly receded until the next spring (Figure 20).  
Potentiometric maps were constructed from monitoring well data to evaluate the 
seasonal variations in the direction of groundwater flow (Figure 21) (Appendix G). The 
general direction of groundwater flow in the study area is to the northwest following the 
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Figure 20. River stage compared with floodplain and near bank water table elevations. 
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Figure 21. Select potentiometric maps of the study reach constructed from monitoring well data. 
Contour intervals are 5 feet. Elevations are in feet relative to NAD27. 
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slope of the floodplain. The flow direction varies little from season to season with a 
hydraulic gradient of 0.01 and a average linear velocity ranging from 1 to 11 ft/day. 
River and Groundwater Exchange 
River stage and water table elevations were monitored throughout the study site to 
develop an understanding of surface water and groundwater exchange. Within the study 
site, the Jocko River contains both losing and gaining sections. The boundary between 
gaining and losing varies seasonally. The water table intersects the riverbed near the fish 
hatchery during early spring. When spring runoff occurs, surface water is lost to the 
aquifer and the water table increases causing the transition point between gaining and 
losing conditions to move further up stream (Figure 22).  In February 2004, the boundary 
between losing and gaining sections are located near SG 5 (Figure 23). In June 2004 the 
transition from gain to loss migrated approximately 2000 ft upstream, between  SG3 and 
SG 2 (Figure 24). Later, in October 2004, the boundary traveled an additional ~900 ft 
upstream, to near SG 1 (Figure 25). In the following year, May 2005, the transition zone 
returned to the segment between SG 4 and SG 5 (Figure 26). 
El
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Groundwater Groundwater Groundwater 
A B C
Figure 22. Conceptual model of groundwater/surface water exchange system illustrating the 
concept of the seasonal migration of the transition zone. The boundary between the zone of 
groundwater gain and loss in the Jocko River. In part “A”, the groundwater surface plane 
intersects the surface water plane. In part “B”, the river discharge is increased and the aquifer is 
recharged thus the elevation of the water table increases driving the transition point further 
upstream. Finally, in part “C” a further rise in the water table forces the point of intersection 
further upstream. 
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Figure 23. Potentiometric maps from well and river stage observation, February 2004, showing 
the transition point between gaining and losing sections of the river. Contour intervals are 5 feet. 
Elevations are in feet relative to NAD27. 
SG
 5
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Figure 24. Potentiometric maps from well and river stage observation, June 2004, showing the 
transition point between gaining and losing sections of the river. Contour intervals are 5 feet. 
Elevations are in feet relative to NAD27.    
SG
 2
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Figure 25. Potentiometric maps from well and river stage observation, October 2004, showing the 
transition point between gaining and losing sections of the river. Contour intervals are 5 feet. 
Elevations are in feet relative to NAD27.   
SG
 1
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Figure 26. Potentiometric maps from well and river stage observation, May 2004, showing the 
transition point between gaining and losing sections of the river. Contour intervals are 5 feet. 
Elevations are in feet relative to NAD27.   
SG
 4
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Figure 27. Cross-Section showing water table and river elevations during high (dashed line) and 
low flow (solid line) periods.   
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Figure 28. Comparison of river stage and water table elevations for February, June and October 
2004 showing transition points where the river switches from a gaining reach to a losing reach. 
Dashed arrow indicated possible transition zone.  
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The position of the stream stage and bank/floodplain water table were also 
examined at each stream gauging location (Figure 27). A comparison of river stage and 
water level elevations in near bank wells corroborate the migration of a transition 
boundary and reveal other zones of transition (Figure 28). In February 2004, elevations 
from near bank wells indicate the presence of a transition zone around SG 5 similar to 
that as seen in the potentiometric map for that same time period. These data also show the 
possibility of two other zones of transition occurring near SG 8 and SG 3. During June of 
2004, the point of transition moved upstream to between SG 4 and SG 3 with an 
additional transition point occurring around SG8. In October 2004 the transition point 
remains at SG4 while additional transition points are present at SG 8 and SG2. 
Vertical Hydraulic Gradient 
Mini-piezometers were installed and monitored to assess the temporal changes in 
streambed vertical hydraulic gradients (Figure 5, pg. 11) (Appendix H). Vertical 
hydraulic gradient data were also used to track seasonal changes in the pattern of stream 
channel gains and losses (Figure 29). The largest river to groundwater gradients occurred 
at SG 2, SG 4 and SG 5. Measurements taken at these sites from April 2004 to October 
2004 showed no periods gaining conditions. Areas of transition from gain to loss were 
observed at SG 1, SG 3, SG 8 and SG 10. The river at SG 1 and SG 3 exhibited losses 
only during the months of April and June of 2004, during the remaining months 
groundwater discharged to the stream. The river at SG 8 was primarily gaining with 
exception to the losses occurring in April 2004. At SG 10, the river transitioned from 
gaining to losing during the months of June and October of 2004. Vertical gradient data  
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at SG 2, SG 4, SG 5, SG 6, SG 7 and SG 9 showed the river gains from groundwater 
input. 
The magnitude of exchange between surface water and groundwater were also 
computed using the measured vertical hydraulic gradients and the measured hydraulic 
conductivities, resulting in bed flux estimates (Table 3, Figure 30). Estimates obtained 
from methods described by Schmidt et al. (2005) produced flux rates near zero reflecting 
Table 3. Comparison of streambed flux values derived from vertical hydraulic conductivity 
values arrived at from various methods in the streambed of the Jocko River. q=Ki, where 
K=Vertical K * 0.1 
 SG2 SG3 SG4 SG5 SG6 SG7 SG8 SG9 
Hvorslev  0.69 -14.34 -3.40     
Lapham -14.00 -0.60 -11.00 -0.40 1.00  4.40 1.70 
VS2DI -22.97 1.84 -14.96 -1.15   1.38 1.48 
         
Schmidt et al.  0.01 0.60 0.01 -0.02 0.15 0.19 -0.03 0.09 
GAIN 
LOSS 
Mostly Gaining   Mostly Losing 
Figure 29. Changes in vertical hydraulic gradient from June 2004 to October 2004. 
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the consistently small vertical hydraulic conductivity values deriver from this method.  
Temperature Monitoring 
Temperature monitoring occurred in wells located near the bank of the Jocko 
River and at locations within the floodplain at the study site. Separate temperature 
monitoring also occurred in the active river channel (Figure 31). Figure 32 graphically 
compares temperature variations seen in surface water and groundwater. Surface water 
temperatures at SG 4 exhibit diurnal fluctuation, whereas groundwater temperatures at 
Wells 5A, FH2 and 8B show little diurnal variation. Groundwater temperatures fluctuate 
over a longer period, gradually warming in the hotter summer months and then slowly 
cooling. The temperature signature at Well 2A shows higher frequency of oscillation than 
the other wells primarily due its location in the bank of the Jocko River.  
Temperature profiles within the riverbed were monitored to evaluate locations and 
rates of groundwater-river exchange. Streambed temperature profiles were monitored  
Figure 30. Variations in streambed flux rates at stations along the Jocko River. 
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Figure 31. Location of continuous temperature and water level monitors.   
Well 8B
Well 5A
Well FH2
Well 2A 
SG 4
Figure 32. Temperature signature from continuous temperature monitors at Wells 2A, FH2, 5A, 
8B and in the stream at SG 4.  
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Figure 33. Riverbed vertical temperature profile signatures at various locations in the study site.  
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Figure 34. Riverbed vertical temperature profile signatures at various locations in the study site.  
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from June 1, 2004 to July 26, 2004. Surface water temperatures at the bed of the river 
exhibited diurnal fluctuations influenced by daily ambient temperature changes. At SG 7 
and SG 9, riverbed sediment were less variable due to the influence of cooler 
groundwater discharging to the stream (Figure 33). In contrast, at SG 1 and 4, 
temperature signatures closely follow the diurnal fluctuation of the surface water (Figure 
34). This indicates the river is losing water to the surrounding aquifer through the 
riverbed at these locations for the period of observation. 
Seepage Runs  
 Seepage runs were performed prior to restoration on March 2004, April 2004 and 
August 2004. Individual discharge measurements were made at SG 0, SG 2, SG 3, SG 6, 
SG 8 and SG 10 (Figure 35). The reach located between SG 10 and SG 6 showed 
groundwater inputs for each seepage run performed, whereas the reach located between 
 
 Figure 35. Aerial map of the study area highlighting the discharge measurement sites for the performed seepage runs. 
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Table 4. Summary of seepage runs performed by CS/KT Fisheries personnel in the study area. 
Date Segment 
Segment 
Length (ft) Station 
Discharge 
(cfs) Station 
Discharge 
(cfs) 
FH 
Outflow 
Change 
(cfs) 
Error ± 
3/1/2004 0-2 2513 0 31.2 2 24.6  -6.6 2.0 
3/1/2004 2-3 535 2 24.6 3 21.9  -2.7 1.6 
3/1/2004 3-6 2510 3 21.9 6 20.7  -1.2 1.5 
3/1/2004 6-8 4052 6 20.7 8 28.0  7.3 1.7 
3/1/2004 8-10 4380 8 28.0 10 47.8  19.8 2.8 
  
 
      
4/26/2004 0-2 2513 0 56.3 2 53.4  -2.9 3.9 
4/26/2004 2-3 535 2 53.4 3 48.5  -4.9 3.6 
4/26/2004 3-6 2510 3 48.5 6 49.3  0.8 3.5 
4/26/2004 6-8 4052 6 49.3 8 56.7  7.4 3.8 
4/26/2004 8-10 4380 8 56.7 10 72.6 2.8 13.1 4.6 
  
 
      
8/9/2004 0-2 2513 0 32.8 2 42.0  9.2 2.7 
8/9/2004 2-3 535 2 42.0 3 59.4  17.4 3.6 
8/9/2004 3-6 2510 3 59.4 6 45.3  -14.1 3.7 
8/9/2004 6-8 4052 6 45.3 8 68.1  22.8 4.1 
8/9/2004 8-10 4380 8 68.1 10 109.0 13.9 27.0 6.4 
  
 
      
12/16/2004 0-2 2513 0 76.27 2 88.89  12.6 5.9 
12/16/2004 2-3 535 2 88.89 3 81.67  -7.2 6.0 
12/16/2004 3-6 2510 3 81.67 6 82.42  0.8 5.8 
12/16/2004 6-8 4052 6 82.42 8 94.29  11.9 6.3 
12/16/2004 8-10 4380 8 94.29 10 125.8 7.434 24.1 7.9 
  
 
      
8/25/2005 0-2 2513 0 36.7 2 42.7  6.0 2.8 
8/25/2005 2-3 535 2 42.7 3 52.6  9.9 3.4 
8/25/2005 3-6 2510 3 52.6 6 61.1  8.5 4.0 
8/25/2005 6-8 4052 6 61.1 8 68  6.9 4.6 
8/25/2005 8-10 4380 8 68 10 103 15.5 19.5 6.2 
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SG 6 and SG 0 exhibited mostly a loss of surface water (Table 4 and Figure 36). In  
August of 2004, the same segment exhibited a large loss between SG 3 and SG 6; 
whereas, the reach between SG 3 and SG 0 showed considerable gains.  
The pattern of groundwater gains and surface water loss is again demonstrated in 
these data sets. River reaches transition from gaining to losing from March 2004 and 
April 2004 in the segment between SG 3 and SG 6 (Figure 36).   
Dye Tracer Test 
A dye tracer test was performed December 2004 to evaluate bank storage and 
travel times in the river. Rhodamine WT dye was introduced into the center of the river at 
SG 1, and sampling stations were located at SG 2 through SG 8(Figure 5, pg 11). The 
Figure 36. Seepage data demonstrating the trend in gain and loss. 
 SG 8-10  SG 6-8 SG 3-6 SG 3-2  SG 2-0
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quantity of dye (100 mL) used in this experiment and high river discharge at the time of 
the experiment limited detection of the dye downstream. Detected of rhodamine WT was 
limited to samples collected at SG 2 and SG 3. CS/KT fisheries personnel conducted a 
seepage run concurrently to compare actual measured stream velocity with the velocity 
measured from the dye concentration curve. Results from the dye tracer test conducted 
December 2004 in the restored reach of the Jocko River are highlighted in Figure 37. The 
recorded mean velocity at SG 3 was 2.34 ft/sec whereas the dye breakthrough curve 
peaked at a velocity of 1.79 ft/sec.  
Dye tracer data were evaluated using the USGS numerical solute transport model 
OTIS-P. Optimal parameters used for curve matching of the dye concentration at SG3 are 
shown in Table 5. Modeled results indicate a ratio of storage zone area to stream   
zone area (As/A) of 6.1 and a residence time of 0.96 hours in the reach between SG2 and  
SG3. Curve matching from parameters derived from OTIS-P provide a relatively low 
RMSE of 0.17, indicating reasonably good fit (Figure 38). 
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Figure 37. Fitted breakthrough curve of Rhodamine WT dye tracer showing the center of mass 
and calculated velocity compared to recorded velocity.  
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POST RESTORATION RESULTS 
 The goal of the restoration plan for this segment of the Jocko River is to re-
establish the natural processes that existed before the channel incised (CSKT ARCO-
Settlement ID Team, 2000). In order to accomplish this task a broad, comprehensive 
approach has been undertaken to re-establish natural linkages between the terrestrial, 
riparian, and aquatic parts of the ecosystem (CSKT ARCO-Settlement ID Team, 2000). 
Table 5. Reach characteristics and transient storage modeling results  
Reach 
Segment 
Reach 
Length, 
ft 
Channel Cross-
Sectional Area 
A, ft2 
Transient Storage 
Cross-Sectional 
Area As, ft2 As/A 
Transient Storage 
Exchange 
Coefficient αs, s-1 
Residence 
Time ts, 
hrs 
Damkohler 
Number I, 
Da I 
SG2-SG3 1738.9 13.4 81.9 6.1 1.8E-03 0.96 1.54 
        
Figure 38. Measure and simulated dye concentration between SG2 and SG3. 
RMSE = 0.169 
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Active channel restoration began during the summer of 2004. The channel bed elevation 
of the river was raised to achieve the goal of reconnecting the water table to the  
 floodplain environment. The riverbed longitudinal profile was surveyed in November 
2004 by CS/KT personnel following the completion of channel restoration. Limited data 
from installed staff gauges provided some comparison of pre and post restoration bed 
elevations (Figure 39). Channel bed elevations increased between 1 and 3 feet between 
SG 3 and 4, where as bed elevations decreased at SG 2. Bed elevations at SG 1 remained 
unchanged, as this was the beginning of the restoration project. The channel bed 
elevation between SG 1 and SG 4 demonstrate an overall rise in elevation  
Hydrology 
 Peak discharge in the Jocko River in 2004 at USGS gauge #12381400 on the 
South Fork of the Jocko River, was 246 cfs and 641 cfs at USGS gauge #12388200 
located near the mouth at Dixon, Montana. In 2005, USGS gauge #12381400 on the 
South Fork of the Jocko River peaked at 571 cfs and at 1890 cfs at USGS gauge 
Figure 39. Comparison of longitudinal profiles between SG 1 and SG 4 before and after 
restoration activities. Error bars are scaled at 1 and 4 feet to provide a reference to the desired 
increase prescribed by the restoration plan. 
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#12388200 located near the mouth at Dixon, Montana. These values reflect an increase of 
132% and 195% compared to 2004.  
In 2005, mean snow water equivalent and yearly cumulative precipitation 
recorded at a SNOTEL station in the North Fork of the Jocko decreased 18% and 17 % 
respectively. Also, in 2005, monthly and yearly cumulative precipitation recorded at the 
AGRIMET station located in St. Ignatius, decrease 3% from 2004. Direct comparison of 
pre and post restoration results are dependant on the existence of similar conditions for 
the years of comparison.  
The increase in discharge in 2005 may be attributed to the combination of 
increased frequency and duration of peak precipitation events in March through June 
sustained over a longer period than in 2004, and the occurrence of increased temperatures 
in March through June 2005 which induced increased run-off from snow melt. 
To determine the magnitude of change in the flood plain water table elevations, a 
direct comparison must be made under similar hydrologic conditions. The changes in 
hydrologic and climatic conditions in 2005 complicate this comparison.    
River Stage 
The stage of the river was monitored prior to restoration and again after 
restoration. Figure 40 compares pre and post restoration river stage during the month of 
May. It shows that the river segment located between SG 4 and SG 2 exhibited the largest 
rise in bed elevation. On average, when comparing river stage for the May 2nd 2005 and 
April 30th 2004, the river stage rose by 0.5 ft. The daily discharge for May 2nd 2005 was 
137 cfs above and 357 cfs below the study site. The daily discharge for April 30th 2004  
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Groundwater Elevation
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The greatest increase in river stage is shown between SG 3 and SG 5. In this 
segment, the river stage increased over 2.0 ft., whereas wells located at SG 5, SG3, SG2 
and SG1 showed increases of 0.5 ft (Figure 40). Groundwater elevation for locations near 
Figure 41. Change in groundwater elevation near the banks of the Jocko River. Comparison of 
groundwater elevation for May 2nd 2005 and April 30th 2004. 
Figure 40. Change in river stage in response to active channel restoration activities. Comparison 
of May 2nd 2005 and April 30th 2004 river stage. 
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the banks of the river also exhibited change. A comparison of May 2nd 2005 and April 
30th 2004 groundwater elevation for wells located near the banks of the river show an 
average increase of about 2.0 ft with the restored reach. Groundwater elevation increased 
0.5 feet other locations (Figure 41).  
Streambed Characteristics 
 Riverbed sediment core samples were collected both before and after restoration 
at mid-channel as well as at the left and right bank margins at SG1 and SG 4. 
Unfortunately, samples of fine sediment were not collected with the bed material. 
Graphical analysis of cumulative percent frequency distribution curves provided 
Table 6. Summary of pre and post restoration riverbed sediment characteristics from grain size 
distribution curves. Coefficient of Uniformity (Cu) = d60/d10; Coefficient of Curvature (Cc) = 
d302/Cu   
 
 Pre-Restoration @ SG4  Post-Restoration @ SG4  
 Left Mid Right Mean Left Mid Right Mean 
d10 0.9 1.5 1.6 1.3 1.1 2.5 1.1 1.6 
d30 2.9 5.3 6.4 4.9 5.0 4.5 5.0 4.8 
d50 8.0 16.0 17.0 13.7 17.5 12.6 17.0 15.7 
d60 13.4 23.0 24.0 20.1 30.0 19.1 33.0 27.4 
         
Geometric 
Mean 21.8 18.8 34.9 25.2 25.7 20.2 28.9 24.9 
Cu 15.8 15.3 15.0 15.4 27.3 7.6 30.0 21.6 
Cc 0.5 1.8 2.7 1.7 0.9 2.7 0.8 1.5 
         
 Pre-Restoration @ SG1  Post-Restoration @ SG1  
 Left Mid Right  Left Mid Right  
d10 1.0 1.4 1.8 1.4 1.0 1.5 1.4 1.3 
d30 4.3 5.0 12.5 7.3 3.5 5.0 6.4 5.0 
d50 12.0 18.5 42.0 24.2 10.0 17.0 17.0 14.7 
d60 19.0 25.0 60.0 34.7 19.0 24.0 21.0 21.3 
         
Geometric 
Mean 22.3 33.5 44.0 33.3 25.5 33.1 33.1 30.6 
Cu 19.0 17.9 33.3 23.4 19.0 16.0 15.0 16.7 
Cc 1.0 1.4 4.7 2.4 0.6 1.6 1.6 1.3 
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Figure 42. Grain size distribution for riverbed sediment taken before and after restoration 
activities. Samples were taken at the left and right margins of the bank and at mid channel. 
         -○- Post restoration samples (11/20/04)      -○- Pre restoration samples (8/11/05) 
   
 58 
information on changes in the riverbed material composition after restoration. Grain size 
distribution curves for river bed material collected after restoration suggest that the 
sediment was still poorly sorted alluvium comprised mostly of gravel and stones sized 
material (Figure 42, Table 6). 
Water Table Elevation 
One objective of the active restoration in the demonstration reach of the Jocko 
River was to raise the water table within floodplain. The connectivity of surface water 
and groundwater is demonstrated in observed static water levels from near bank and 
floodplain wells (Figure 43 and 44). Static water levels from wells located near the banks 
of the Jocko River within the restored reach showed an increased in elevation ranging 
from 0.5 ft to 1.0 ft. Static water levels from wells located in the floodplain surrounding 
the restored reach showed increases in elevations ranging from 0.5 ft to 1.75 ft compared 
to 2004. Well 1C showed no general overall increase in elevation. Continuous water level 
recorders located in wells 2A, FH2 and 5A (Figures 45) also collected data that 
demonstrate an increase in water table elevations in 2005 when compared to data 
collected in 2004. A continuous water lever recorder located in Well 8B provided water 
table elevation data located downstream and beyond the restored reach. Data from this 
well shows the water level of the water table returning to the 2004 elevation. Other wells 
downstream of the restoration site showed little change in elevation aside from responses 
to a flood with a recurrence interval exceeding a 20-year event in 2005.  
The flood event in 2005 is reflected by a change in water table elevation in the 
floodplain. Higher water table elevations are seen during and after the high discharge 
event, gradually decreasing as the peak discharge subsides (Figure 46).  
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Figure 43. Pre and post restoration variation in near bank monitoring well levels. 
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Figure 44. Pre and post restoration variation in floodplain monitoring well levels. 
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Figure 45. Continuous water level data comparing 2004 to 2005. 
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Figure 46. Jocko river hydrograph above and below the study site showing the peak 
discharge event around May 2005 and its effect on floodplain monitoring well elevations.
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Figure 47. Changes in potentiometric surface, comparing April 2004 to May 2005.   
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Figure 48. Residual change from potentiometric surface, comparing April 2004 to May 2005.   
Figure 49. Residual change from potentiometric surface, comparing June 2004 to June 2005.   
   
 65 
 
Data collected from the well network were used to compile potentiometric maps. 
A comparison of pre-restoration water table elevations to post-restoration water table 
elevation provided an overview of the total changes in elevation. Water table elevations 
were collected on April 30th, 2004 and on May 5th 2005. A comparison of these months is 
shown in Figure 47. The residual plot shows a 1 to 2 ft rise in water table elevation 
around the restored reach (Figure 48). Areas below the restored reach also show 
variations. In the month of June 2005, the water table elevation exhibited a rise between 
1.5 and 2 ft extending from SG 1 to SG 8 (Figure 49). August 28th 2004 was compared to 
September 14th, 2005. This comparison yielded small changes ranging from 0.5 to 1 ft 
mainly around the restored reach (Figure 50). 
Since hydrologic and climatic conditions are not similar when comparing 2004 
and 2005, a correlation between discharge and water table elevations were evaluated to 
Figure 50. Residual change from potentiometric surface, comparing August 2004 to September 
2005   
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Well 3B 
Well 4C 
 
Well 6C 
Well 8A 
Well 9B 
Figure 51. Correlation of water level rise and river discharge in wells located near the Jocko 
River. Black lines and data points correspond to pre-restoration while red lines and data points 
correspond to post-restoration. 
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Figure 52. Correlation of water level rise and river discharge in wells located in the floodplain. 
Black lines and data points correspond to pre-restoration while red lines and data points 
correspond to post-restoration. 
Well 1C 
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Well 5A 
Well 7D 
Well 9D 
   
 68 
determine if discharge influences water table elevations. Wells directly influenced by 
changes in discharge have a high R2 value.  
Mostly all well located near the Jocko River are directly affected by river (Figure 
51). Also, wells located in the restored reach, when comparing pre and post restoration 
data for wells 2A, 3B and 4C, display regression lines that exhibit a similar slopes but 
different y-intercepts. Wells located below the restored reach, when comparing pre and 
post restoration data for wells 6C, 8A and 9C, display regression lines that have similar 
slopes and y-intercepts (Figure 51).  
Wells located in the floodplain, further from the river, all have low R2 values, 
indicating poor correlations (Figure 52). 
Vertical Hydraulic Conductivity  
The changes in the vertical hydraulic conductivity of the riverbed were also 
monitored. Sediment mined from local terrace deposited was used to increase the bed 
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 Figure 53. Changes in vertical hydraulic conductivity from pre-restoration and post-restoration, 
comparing seepage derived Kvert and Shepard’s equation derived Kvert. 
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elevation of the river. Seepage runs were performed before and after restoration and 
vertical hydraulic gradients were monitored to assess the effectiveness of the introduced 
sediment in replicating the vertical hydraulic conductivity of the original riverbed 
material. Vertical hydraulic conductivity values derived from grain size analysis were 
also used to evaluate the possible changes. Both the bed grain size distribution and 
vertical hydraulic conductivity values for post restoration conditions were similar to pre-
restoration values (Figure 53). 
Vertical Hydraulic Gradients  
Riverbed vertical hydraulic gradients were monitored to examine how restoration 
changes the magnitude and nature of the gaining and losing conditions. The Jocko River 
exhibits a seasonal migrating gain and loss pattern through the restored reach. Data 
 Figure 54. Pattern of gain/loss from vertical hydraulic gradient established from June 2004 to 
October 2004 (blue) compared with vertical hydraulic gradient data collected after restoration 
December 2004 to May 2005 (red). 
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collected following restoration activities from December 2004 through May 2005 shows 
changes in the pre restoration pattern, specifically in the restored reach (Figure 54. The 
most significant deviation is exhibited at SG 4 and SG 1 when comparing early June 
2004 and mid May 2005 data (Figure 55). At SG 4 the vertical hydraulic gradient shifted 
from losing with a gradient value of approximately -0.7 to a near neutral value from the 
same month in the year following the restoration. At SG 2, the vertical hydraulic gradient 
shifted from about -1.5 to near neutral. 
 
 
Temperature Monitoring 
Surface water and ground water temperatures were also monitored to provide 
evidence of stream gains and losses and to examine general temperature changes in the 
flood plain aquifer. Surface water temperature was monitored continuously at SG 4 while 
groundwater temperatures were monitored continuous in the floodplain and near the bank 
of the river at Well 2A, FH2, Well 5A and Well 8B. Figure 56 through 60 provides a 
Figure 55. Comparison of vertical hydraulic gradient observed in Early June 2005 and Mid May 
2004. 
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comparison of pre and post restoration hourly water temperatures. Also included in these 
figures are the differences in temperature. Surface water temperatures at SG 4, located at 
the end of the active channel restoration, are shown to be cooler after restoration, 
exhibiting an overall decline in the average water temperature (Figure 58). The 
groundwater temperature at Well 2A also shows an overall decline in temperature (Figure 
56). Well 2A is located approximately 4 ft from the bank of the river and appears to be 
directly influences by river temperatures. Well 2A is also located near the beginning of 
the active channel restoration. Groundwater temperatures in the floodplain showed very 
little change in average temperature (Figure 57, 59, 60). In the study area, daily average 
temperatures declined from 12.53 ºC in 2004 to 11.64 ºC in 2005 (Table 7). This decline 
would have the greatest effect on  
Well #2A
-2.0
0.0
2.0
4.0
6.0
8.0
10.0
12.0
Jan Mar May Jul Sep Nov Jan
Te
m
pe
ra
tu
re
, 
°C
Temp °C 2004 Temp °C 2005   ∆Τ
Figure 56. Comparison for water temperature from 2004 to 2005 from continuous Level logger 
installed in well 2A. 
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Figure 57. Comparison for water temperature from 2004 to 2005 from continuous Level logger 
installed in well FH 2. 
Figure 58. Comparison for water temperature from 2004 to 2005 from continuous Level logger 
located in the river channel at Staff gauge 4. 
   
 73 
Well #8B
-2
0
2
4
6
8
10
Jan Mar May Jul Sep Nov Jan
Te
m
pe
ra
tu
re
, 
°C
Temp °C 2004 Temp °C 2005 ∆Τ  
 
Well #5A
-1.0
1.0
3.0
5.0
7.0
9.0
11.0
13.0
Jan Mar May Jul Sep Nov Jan
Te
m
pe
ra
tu
re
, 
°C
Temp °C 2004 Temp °C 2005 ∆Τ
Figure 59. Comparison for water temperature from 2004 to 2005 from continuous Level logger 
installed in well 5A. 
Figure 60. Comparison for water temperature from 2004 to 2005 from continuous Level logger 
installed in Well 8B. 
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surface water temperature and groundwater temperatures in nearby wells located in areas 
with a losing stream reach. The most significant pre and post restoration changes in water 
temperature are exhibited at SG 4 and Well 2A. This change may be a result of the lower 
air temperatures in 2005.  
Seepage Runs 
 Seepage runs were performed both before and after restoration activities. Changes 
in the amount of gain or loss in river discharge are highlighted in Figure 61. There was 
little change in the amount of seepage in the river segments between SG 8-10, SG 2-3 
and SG 0-2. Changes in these segments all fell within the range of error for these 
particular data points. These segments also maintained their gaining patterns. The most 
significant changes occurred at the river segments located between SG 6-8 and SG 3-6. A 
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Table 7. Change in recorded continuous daily average water temperature. 
 
 2A FH2 SG4 5A 8B Air 
Pre-restoration temperature ºC  7.97 7.23 9.77 8.27 7.45 12.53 
Post-restoration temperature ºC 6.85 7.36 8.90 8.49 7.06 11.64 
       
Change in daily average 
Temperature ºC -1.12 0.13 -0.87 0.22 -0.39 -0.89 
       
Figure 61. Change in discharge from seepage runs performed in August 2004 and August 2005. 
   
 75 
comparison of August 2004 to August 2005 at SG 6-8 showed a decrease of about 16 cfs  
(± 4.5 cfs). This segment retained its gaining pattern. Alternatively, Segment 3-6 showed 
an increase in total discharge. This segment showed an increase of about 22 cfs (± 3.5 
cfs) thus changing its pattern from a losing reach to a gaining reach for the month of 
August in 2005.    
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DISCUSSION 
 
Surface Water/Groundwater Interaction 
This study finds that a river system leaving mountainous terrain and flowing into 
an intermountain, coarse grained, fluvial valley exhibits highly dynamic surface water 
and groundwater interactions both temporally and spatially. The complexity of this 
dynamic system is illustrated by the results of this study.  
Overall, the Jocko River within the study site contains both a losing and gaining 
reach. The losing reach is linked to the floodplain aquifer by a saturated zone beneath the 
riverbed (Malard et al, 2002) (Figure 62).  
Similar conditions also observed for the Clark Fork River as it enters the fluvial 
deposits of the Missoula Valley (Tallman, 2005). However, unlike the Jocko 
 
Figure 62. Conceptual model of the surface water and groundwater exchange processes. Arrows 
indicated the direction of water flux (a) No hyporheic zone. (b) A hyporheic zone created by 
surface water mixing beneath the streambed. (c) A hyporheic zone created by exchange from both 
surface and groundwater. (d) A hyporheic zone created by surface water infiltration through the 
streambed. (e) A hyporheic zone created by surface water mixing beneath a perched channel.  
(Malard et al., 2002) 
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River, the Clark Fork River is perched above the regional aquifer maintaining an 
unsaturated zone between the hyporheic zone and the water table (Tallman, 2005) 
(Malard et al, Figure 62). Other examples of western rivers that exhibit similar losing 
sections include the Middle Fork Flathead River in North Western Montana (Poole, 
2000), the Nooksack River (Cox et al, 2005) and the Dungeness River (Simonds and 
Sinclair, 2002) in North Western Washington.  
The gaining reach of the Jocko River (approximately from SG 6 to SG 10) receives 
groundwater discharge making up 57% of the low flow discharge in March 2004 (Table 
4). Bedrock outcroppings near the end of the study site at SG 10 (Figure 63) appear to 
limit the alluvial groundwater flow down valley in the area (CSKT ARCO-Settlement ID  
 
Fish Hatchery 
Bed Rock Outcrops 
Figure 63. Map of the Jocko Valley showing generalized flow of groundwater and location of 
bedrock outcrops. (Adapted from Makepeace, 1989) 
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Team, 2000). As a result the water table rises and intersects the land surface discharging 
groundwater to the river. In a section of the river, between SG 9 and SG 6, the water table 
exceeds the river stage year round (Figure 27). Vertical hydraulic gradients at these 
monitoring locations were predominantly positive (Figure 43). Seepage run data also 
showed high groundwater gains between SG 6 and SG 10 for all dates of measurement 
(Figure 36). With strong upward gradient and groundwater discharge, the hyporheic zone 
is this reach is expected to be small. 
The boundary between gaining and losing reaches on the Jocko River migrates 
seasonally, approximately 0.5 miles up the floodplain from above SG 5 to below SG 1. 
This transient migration of the boundary between gaining and losing reaches was first 
observed by Makepeace (1989). Seasonal changes in water table elevations appear to be, 
in part, driven by peak discharge events (Thompson, 1988, Makepeace, 1989) and valley 
geomorphic features (CSKT ARCO-Settlement ID Team, 2000). During periods of high 
stream discharge the adjacent water table rises and shifts the gaining/losing boundary 
upstream (Figure 22, 23, 24 and 25). A portion of recharged surface water returns as base 
flows to the channel during summer, fall and winter months (CSKT ARCO-Settlement 
ID Team, 2000). As a result, the gaining/losing boundary migrates back down stream. 
Water table mapping, seepage runs and measurement of vertical hydraulic gradient 
support these observations.  
Others have stated that the stream groundwater exchange processes are not 
constrained to one place in space and time (Gustard, 1996; Malard et al, 2002). Simonds 
et al. (2004) provided evidence that suggests the Big Quilicene River, located in the 
Northeastern corner of the Olympic peninsula in Washington, exhibits seasonal 
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variability in the location of gaining and losing reaches. Winter et al. (1998) suggest 
perennial streams in arid parts of the U.S. also transition from gaining to losing reaches.  
A number of tools and methods were used to quantify the exchange between surface 
water and groundwater in the course grained Jocko River study site. The vertical 
hydraulic conductivity of the streambed sediments was determined using grain-size 
analysis, in-channel falling head tests, differential stream gauging, and streambed 
temperature profile methods (Table 2, Figure 19). As anticipated, hydraulic conductivity 
values were highly variable (Simonds et al, 2004). This may be, in part, related to the 
applied methods and/or the scale of measurement. Differential stream gauging or seepage 
runs when combined with vertical hydraulic gradient data provide average bed hydraulic 
conductivity values over a stream segment. In contrast, in-channel falling head tests, 
grain-size analyses using Shepard’s equation, and time-series temperature profile 
methods all provide point measurements of bed hydraulic conductivity and reflect only a 
small portion of the complex streambed. When characterizing exchange values, a 
combination of methods to determine vertical hydraulic conductivity and gradient should 
be used at a reach scale in conjunction with larger scale averaging methods.  
Restoration Effects 
Evaluating the success of restoration projects is difficult without baseline data and 
defined quantitative goals (Kondolf and Micheli. 1995; Bernhardt et al, 2005). The goals 
and objectives stated in the Jocko River Demonstration Reach Monitoring Plan and 
Annual Report (2006) were to re-connect the floodplain to the main channel by restoring 
historic riverbed elevations. According to the restoration plan, the channel elevation was 
to be raised between one and four feet over a river reach of 3600 feet to match historic 
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channel and floodplain elevations (Jocko River Demonstration Reach Monitoring Plan 
and Annual Report Phase I, 2006). Srivastava et al. (2006), Workman et al. (1997), 
Govindaraju and Koelliker (1994), and Tabidian et al. (1992) recognized that changes in 
stream stage elevation could produce large changes in water table elevations in alluvial 
valleys. Conceptually, the water table near the channel and/or throughout the floodplain 
is expected to rise in losing segments of the Jocko River as a result of raising the bed 
elevation. This rise in water table elevation is anticipated to affect both bank and riparian 
vegetation (Figure 64 A-C). In gaining segments, the restoration objective would also 
result in a raised water table adjacent to the stream as long as the floodplain water table 
remains higher than the stream stage. It is possible that raising the channel bed in a 
Figure 64. Conceptual model of surface water/groundwater interactions and the effect of raising 
the bed elevation of a river for losing and gaining segments of a river. (A) Cross-section of a 
losing river showing a lowered water table due to channel incision, and a proposed raised river 
bed configuration (red dashed line). (B) Cross-section of the response of the water table to the 
proposed raised bed configuration. (C) Cross-section of a losing river demonstrating a possible 
response of the water table to the proposed raised bed configuration. (D) Cross-section of a 
gaining river showing a lowered water table due to channel incision, and a proposed raised 
riverbed configuration (red dashed line). (E) Cross-section of a gaining river demonstrating a 
possible response of the water table to the proposed raised bed configuration. (F) Cross-section 
demonstrating the possible reversal of a gaining river segment to a losing river segment in 
response to the proposed raised bed configuration.     
A. B. C.
Groundwater 
River 
Groundwater 
River 
       D.          E.           F.
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gaining reach will create a losing stream reach, a condition that would both impact the 
floodplain water table to a lesser degree and expand the channel hyporheic zone. (Figure 
64 D-F).  
Collections of baseline data for this study begin in January 2004. Under pre-restored 
conditions, a number of variables were monitored to evaluate surface water and 
groundwater exchange. These included evaluation of the stream longitudinal profile, 
floodplain water table position and channel bed properties.  
Evaluations of the longitudinal profile from pre-restoration to post-restoration for 
the restored reach (SG 1 to SG 4) reveal increases in bed elevation were achieved as a 
result of the restoration process (Figure 39). A determination of the magnitudes of 
increases in bed elevations is difficult to evaluate due to the lack of survey points 
between SG 1 and SG 4. The Jocko River Demonstration Reach Monitoring Plan and 
Annual Report (2006) indicate the overall bed elevation was raised up to four feet.  
Analysis of monitoring well groundwater levels and river hydrographs suggests 
that changes in river discharge are correlated with changes in water levels at wells located 
near the river (Figure 51), whereas water level changes in well located in the floodplain 
are correlated less with river discharge (Figure 52). This indicates water table elevations 
near the river are controlled, in part, by river discharge and stage, whereas floodplain 
water table elevation are either less effected or not effected at all by river stage and 
discharge. Examination of pre and post restoration water table response show post 
restoration water levels near the stream channel are higher for the same period that pre 
restoration levels. However, as stream flow was higher in 2005 that in 2004, a simple 
water level difference could not be used to evaluate if and why floodplain groundwater 
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levels were different. In an attempt to examine if water levels at similar stream flows 
were different between pre and post restoration conditions, water table elevations were 
plotted against stream discharge for both years. Examination of the correlation between 
water level changes and river discharge reveal changes in the regression line slopes and 
y-intercepts when comparing pre and post restoration data for wells located in the 
restored reach (wells 2A, 3B and 4C; Figure 51). This suggests post restoration water 
table levels near the stream increased 0.5 to 1.0 ft as a result of the restoration. 
Alternatively, outside the restored area, the regression line maintained a similar slope and 
y-intercept for both pre and post restoration (wells 6C, 8A and 9B; Figure 51). Longer 
periods of monitoring are needed to fully assess this relationship. 
Floodplain wells located further from the stream channel show little to no 
correlation with river discharge, indicating additional factors are driving water table 
elevations in these locations (Figure 52). Assessment of longer-term data from USGS 
 
 
Figure 65. Correlation of long-term water table elevation at USGS monitoring well # 
470946114013201 and snow water equivalent. 
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monitoring well (# 470946114013201 located up stream of the study site at T16N R19W 
SEC ACBD01) situated 0.5 miles from the river floodplain show a strong correlation 
with snow water equivalent data from the SNOTEL station located in the North Fork of 
the Jocko River (Figure 65). Considering this, water levels in wells located in the  
 
  
floodplain of the study site were compared with snow water equivalent data from the 
SNOTEL station located in the North Fork of the Jocko. The corresponding R2 values for 
nearly all wells monitored in the floodplain indicate a strong relationship with the 
exception to wells 6A, 7A and 9A for pre-restoration dates and wells 9A and FH3 for 
post restoration dates (Table 8). This indicates that water table elevations in the 
floodplain may be partially controlled by the amount of snow water equivalent (regional 
recharge) available in the watershed.  
Table 8. R2 values from linear regression of correlation between snow water equivalent 
and water level changes in floodplain well. 
 South Side Floodplain   North Side Floodplain 
Well Name 
Pre-
Restoration 
Post-
Restoration  Well Name 
Pre-
Restoration 
Post-
Restoration
5A 0.90 0.87  1C 0.95 0.98 
6A 0.44 0.91  2C 0.97 0.92 
7A 0.63 0.89  3D 0.93 0.83 
9A 0.57 0.50  5D 0.95 0.89 
FH 1 0.88 0.96  7D 0.86 0.96 
FH 2 0.93 0.78  8B 0.93 0.82 
FH 3 0.87 0.56  9D 0.78 0.92 
FH 4 0.89 0.70     
FH 5 0.93 0.90     
FH 7 0.96 0.94     
FH 8 0.94 0.89     
FH 9 0.95 0.93     
       
Domestic 1 0.86  Domestic 3 0.88 
Domestic 2 0.93  Domestic 4 0.76 
Domestic 7 0.86  Domestic 5 0.73 
Domestic 8 0.77  Domestic 9 0.84 
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In an attempt to document the post restoration changes in the location and degree 
of surface water and groundwater exchange, post restoration channel and floodplain 
groundwater data were collected and compared with pre restoration records. Vertical 
hydraulic gradients showed deviations from an established pattern from the previous year 
(Figure 54). These changes may reflect elevated stream stage and increased discharge 
conditions that occurred in 2005 (Figure 15 and Figure 40). Sediment core samples 
showed little grain size variations from pre-restoration samples (Figure 42). The 
measured post restoration grain size distribution and bed vertical hydraulic conductivity 
exhibited changes within the range of pre restoration values suggesting differences in 
these properties are minor (Figure 53).  
Post restoration river temperature data shows a slight decrease in surface water 
temperature for 2005(Figure 58). A similar response was observed in a near bank well 
(Figure 56). These observations were first attributed to increased groundwater exchange 
as a result of post restoration conditions. However, further analysis revealed a possible 
explanation. An overall decrease in ambient air temperature occurred from 2004 to 2005 
(Figure 66), a condition that may have resulted in lower overall surface water 
temperatures. A second observation was that groundwater temperatures showed a slight 
increase during the same time period (Figure 57, 59, 60). This change in temperatures 
may be related to the flood event in 2005. Possible inundation of the floodplain with a 
slightly warmer surface water resulted in a moderation of floodplain groundwater 
temperatures. It is unclear as to whether restoration activities influenced stream 
temperature.     
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CONCLUSION 
 
This study characterized complex surface water and groundwater exchange 
systems for a small reach of a gravel bedded river system flowing over a course grained 
fluvial valley sediment. It was demonstrated that a complex system of gaining and losing 
patterns could exist at multiple spatial and temporal scales. In addition, the following 
observations were made for pre restoration conditions: 
1. The floodplain water table near the river is tied to the stream hydrograph 
2. Both gaining and losing reaches of the stream are present. 
3. Groundwater flow is generally down the floodplain. 
4. The boundary between the gaining and the losing reach migrates seasonally. 
Figure 66. Comparison for air temperature from 2004 to 2005 from continuous Level logger 
located in monitoring well 5A’. 
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Channel modifications have the potential to affect both surface and subsurface 
systems. The transient nature of this river and groundwater system calls for careful 
considerations when setting quantitative restoration goals and objectives. This 
consideration along with long term monitoring will allow for accurate assessment of the 
overall success of the intended effects of restoration. Additionally, the following post 
restoration observations were derived from preliminary data: 
1. The longitudinal profile in the restored section was raised and this process 
may have affected water table elevations near the river. 
2. The elevation of the floodplain water table increased. However, correlation 
between restoration activities and this change are not well supported. 
3. Vertical hydraulic gradients in the restored section of the stream reversed in 
some locations and changed in magnitude in other locations. 
4. Grain size and vertical hydraulic conductivity of the channel bed showed little 
change. 
5. Changes in hydrologic and climatic conditions limited direct comparison of 
water level changes in the floodplain; additional long term monitoring is 
needed.     
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Site Name: MONTANA NATURALS 
GWIC Id: 73053  
Section 1: Well Owner 
Owner Name 
MONTANA NATURALS (B.WRIGHT)  
Mailing Address 
HWY 93  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
17N 20W 35 SW¼ SW¼ SE¼ NE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1894 114.1011 MAP NAD27 
Altitude Method Datum Date 
2985       
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
INDUSTRIAL (1)  
 
Section 4: Type of Work
Drilling Method: CABLE  
 
Section 5: Well Completion Date 
Date well completed: Saturday, November 18, 1978 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-16 52 6       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
52 52 6     OPEN BOTTOM * 
Annular Space (Seal/Grout/Packer) 
 
There are no annular space records assigned to this well.   
Section 7: Well Test Data 
 
Total Depth: 52 
Static Water Level: 17 
Water Temperature:  
 
Bailer Test * 
 
 45  gpm with    feet of drawdown after  1  hours. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level  17  feet. 
 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
MET WELL DRILLER WHO DRILLED WELL AND WE 
DISCOVERED IT WAS MISLOCATED. SAMPLING PT -
SPIGOT NEAR WELL 
 
Section 9: Well Log 
Geologic Source 
112OTSH - GLACIAL OUTWASH (PLEISTOCENE) 
From To Description 
0 1 GRAVEL - TOPSOIL 
1 37 GRAVEL SAND & COBBLESTONE 
37 48 SAND & GRAVEL 
48 52 CLEAN GRAVEL - WATER 
    
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:MISSION 
License No:WWC-204 
Date 
Completed:11/18/1978  
94 
Section 1: Well Owner 
Owner Name 
EDWARDS O. D.  
Mailing Address 
  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
17N 20W 35 NW¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1925 114.1123 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work
Drilling Method: CABLE  
 
Section 5: Well Completion Date 
Date well completed: Tuesday, August 15, 1978 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
2 48 6       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
48 48 6     OPEN BOTTOM * 
Annular Space (Seal/Grout/Packer) 
 
There are no annular space records assigned to this well.   
Site Name: EDWARDS O D 
GWIC Id: 73103  
Section 7: Well Test Data 
 
Total Depth: 48 
Static Water Level: 8 
Water Temperature:  
 
Bailer Test * 
 
 30  gpm with    feet of drawdown after  2  
hours. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level  15  feet. 
 
 
* During the well test the discharge rate shall 
be as uniform as possible. This rate may or 
may not be the sustainable yield of the well. 
Sustainable yield does not include the 
reservoir of the well casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
112OTSH - GLACIAL OUTWASH 
(PLEISTOCENE) 
From To Description 
0 1 TOPSOIL & GRAVEL 
1 7 GRAVEL & SAND 
7 13 CLAY & GRAVEL 
13 24 SAND & GRAVEL 
24 27 FINE SAND 
27 43 SAND GRAVEL & SILT 
42 48 CLEAN GRAVEL 
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well 
log is in compliance with the Montana well 
construction standards. This report is true to 
the best of my knowledge.  
Name: 
Company:MISSION 
License No:WWC-204 
Date 
Completed:8/15/1978 
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Site Name: SLENES MARTIN 
GWIC Id: 73114  
Section 1: Well Owner 
Owner Name 
SLENES MARTIN  
Mailing Address 
PRICE LAND  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
17N 20W 36 NW¼ NW¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1944 114.0938 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work 
Drilling Method: FORWARD ROTARY 
 
Section 5: Well Completion Date 
Date well completed: Saturday, July 30, 1977 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-1 51 6       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
51 51 6     OPEN BOTTOM * 
Annular Space (Seal/Grout/Packer) 
 
There are no annular space records assigned to this well.   
Section 7: Well Test Data 
 
Total Depth: 51 
Static Water Level: 10 
Water Temperature:  
 
Air Test * 
 
 90  gpm with drill stem set at    feet for  1  hours. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level  45  feet. 
 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
112OTSH - GLACIAL OUTWASH (PLEISTOCENE) 
From To Description 
0 1 BLACK DIRT 
1 9 SAND & GRAVEL 
9 16 CLAY & GRAVEL 
16 18 CLAY 
18 24 CLAY SAND GRAVEL & WATER 
24 36 CLAY & GRAVEL 
36 38 SAND GRAVEL & WATER 
38 41 CLAY 
41 47 CLAY & GRAVEL 
47 51 SAND WATER GRAVEL 
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:CAMP 
License No:WWC-239 
Date 
Completed:7/30/1977  
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Section 1: Well Owner 
Owner Name 
ERICKSON DON  
Mailing Address 
BOX 154  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
17N 20W 36 NW¼ NW¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1944 114.0938 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
IRRIGATION (1)  
 
Section 4: Type of Work
Drilling Method: ROTARY  
 
Section 5: Well Completion Date 
Date well completed: Friday, September 19, 1997 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-2 80 6       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
80 80 6     OPEN BOTTOM * 
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont. 
Fed? 
0 0 BENTONITE    
Site Name: ERICKSON DON 
GWIC Id: 165919  
Section 7: Well Test Data 
 
Total Depth: 80 
Static Water Level: 23 
Water Temperature:  
 
Air Test * 
 
 30  gpm with drill stem set at    feet for  1  hours. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level  30  feet. 
 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
JEROMES FILE NO: 6723 
 
Section 9: Well Log 
Geologic Source 
112DRFT - GLACIAL DRIFT 
From To Description 
0 3 SOIL 
3 30 SILTY SAND SAND AND GRAVEL LAYERS 
30 46 MOIST SILTY SAND 
46 54 TAN CLAY 
54 80
SAND GRAVEL AND BOULDERS WITH 
WATER 
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:JEROME 
License No:WWC-249 
Date 
Completed:9/19/1997  
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Site Name: FULLERTON HAL 
GWIC Id: 137547  
Section 1: Well Owner 
Owner Name 
FULLERTON HAL  
Mailing Address 
DUMENTEER RD  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
17N 19W 31 NE¼ NE¼ SW¼ SE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1852 114.0594 MAP NAD27 
Altitude Method Datum Date 
3085       
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work
Drilling Method: ROTARY  
 
Section 5: Well Completion Date 
Date well completed: Monday, March 29, 1993 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.  
Casing 
From To Diameter
Wall 
Thickness 
Pressure
Rating Joint Type 
-1.5 162 6       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
162 162 6     OPEN BOTTOM * 
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont. 
Fed? 
0 20 BENTONITE    
Section 7: Well Test Data 
 
Total Depth: 162 
Static Water Level: 55 
Water Temperature:  
 
Air Test * 
 
 18  gpm with drill stem set at    feet for  1  hours. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level  145  feet. 
 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
CAP COMES OFF WITH 2 CRESCENT WRENCHES. 
SUBMERSIBLE PUMP SAMPLING PT -HYDRANT TO THE 
NE OF WELL. ACROSS FENCE. ON EAST SIE OF DRIVE 
INTO HOUSE. 
 
Section 9: Well Log 
Geologic Source 
120SDMS - SEDIMENTS (TERTIARY) 
From To Description 
0 3 BLACK DIRT & GRAVEL 
3 26 CLAY- SAND- GRAVEL- BOULDERS 
26 44 YELLOW CLAY 
44 56 ORANGE CLAY 
56 108 TAN CLAY & GRAVEL 
108 135 PINK CLAY- BROKEN ROCK & GRAVEL 
135 140 TAN CLAY & GRAVEL 
140 146 TAN CLAY- BROKEN ROCK & WATER 
146 162 HARD ROCK 
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:CAMP 
License No:WWC-7 
Date 
Completed:3/29/1993  
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Site Name: CHILCOTE BILL 
GWIC Id: 202549  
Section 1: Well Owner 
Owner Name 
CHILCOTE BILL  
Mailing Address 
  
City State Zip Code 
ARLEE MT 59721  
 
Section 2: Location 
Township Range Section Quarter Sections 
17N 19W 31 NE¼ SE¼ SE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1842 114.0549 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work 
Drilling Method: FORWARD ROTARY 
 
Section 5: Well Completion Date 
Date well completed: Friday, April 06, 1979 
 
Section 6: Well Construction Details 
Borehole dimensions 
From To Diameter 
0 450 6  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-1.5 340 6       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
340 450 6     OPEN HOLE 
Annular Space (Seal/Grout/Packer) 
 
There are no annular space records assigned to this well.  
Section 7: Well Test Data 
 
Total Depth: 450 
Static Water Level:  
Water Temperature:  
 
 
 
* During the well test the discharge rate shall 
be as uniform as possible. This rate may or 
may not be the sustainable yield of the well. 
Sustainable yield does not include the 
reservoir of the well casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
Unassigned  
From To Description 
0 30 CLAY AND GRAVEL 
30 80 CLAY 
80 340 CLAY WITH FRACTURED ROCK 
340 450 FRACTURED ROCK WITH CLAY 
    
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this 
well log is in compliance with the 
Montana well construction standards. 
This report is true to the best of my 
knowledge.  
Name: 
Company:JEROME AND OKEEFE 
License 
No:WWC-249 
Date 
Completed:4/6/1979  
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Site Name: SCHLEMMER TRACY 
GWIC Id: 154131  
Section 1: Well Owner 
Owner Name 
SCHLEMMER TRACY  
Mailing Address 
165 STRAWBERRY LN  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 20W 1 NW¼ SW¼ NE¼ NW¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1794 114.0741 MAP NAD27 
Altitude Method Datum Date 
3095       
Addition Block Lot 
JOCKO HEIGHTS   2 
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work
Drilling Method: ROTARY  
 
Section 5: Well Completion Date 
Date well completed: Monday, January 15, 1996 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.  
Casing 
From To Diameter
Wall 
Thickness 
Pressure
Rating Joint Type 
-2 140 6       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
140 140 6     OPEN BOTTOM * 
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont. 
Fed? 
0 0 BENTONITE    
Section 7: Well Test Data 
 
Total Depth: 140 
Static Water Level: 72 
Water Temperature:  
 
Air Test * 
 
 30  gpm with drill stem set at    feet for  1  hours. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level    feet. 
 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
JEROMES FILE NO: 6371 USE CRESCENT WRENCH TO 
LOOSEN CAP. SAMPLING PT -HYDRANT AT WELL. 
 
Section 9: Well Log 
Geologic Source 
112DRFT - GLACIAL DRIFT 
From To Description 
0 2 SOIL 
2 53 SAND GRAVEL COBBLES 
53 65 SAND CLAY 
65 72 GRAVEL SAND 
72 140 GRAVEL COBBLES 
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:JEROME 
License No:WWC-249 
Date 
Completed:1/15/1996  
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Site Name: OBRIEN ROBERT 
GWIC Id: 72679  
Section 1: Well Owner 
Owner Name 
O'BRIEN ROBERT  
Mailing Address 
  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 20W 1   
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1743 114.0701 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
JOCKO HEIGHTS ACREAGE   6 
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work
Drilling Method: CABLE  
 
Section 5: Well Completion Date 
Date well completed: Friday, December 17, 1976 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well. 
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-1 91.5 6       STEEL
89 104 5       PVC  
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description
90 104 5   1/8 SLOTS  
Annular Space (Seal/Grout/Packer) 
 
There are no annular space records assigned to this well.  
Section 7: Well Test Data 
 
Total Depth: 104 
Static Water Level: 75 
Water Temperature:  
 
Bailer Test * 
 
 6  gpm with    feet of drawdown after  6  hours. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level  97  feet. 
 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
400MSSL - MISSOULA GROUP 
From To Description 
0 40 GRAVEL AND CLAY 
40 54 CLAY AND SAND 
54 80 GRAVEL AND CLAY 
80 97 BROWN ROCK AND CLAY 
97 98 ROCK AND WATER 
98 104 GRAY ROCK AND CLAY 
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:CKC 
License No:WWC-185 
Date 
Completed:12/17/1976  
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Site Name: DUMONTIER LEROY G 
GWIC Id: 72690  
Section 1: Well Owner 
Owner Name 
DUMONTIER LEROY G  
Mailing Address 
  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 20W 2 NW¼ NE¼ NW¼ NE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1814 114.0878 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work
Drilling Method:  
 
Section 5: Well Completion Date 
Date well completed: Monday, October 12, 1959 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well. 
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type
0 70 5          
There are no completion records assigned to this well.  
Annular Space (Seal/Grout/Packer) 
 
There are no annular space records assigned to this well.  
Section 7: Well Test Data 
 
Total Depth: 70 
Static Water Level: 70 
Water Temperature:  
 
 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
112OTSH - GLACIAL OUTWASH (PLEISTOCENE) 
From To Description 
0 3 BLACK DIRT 
3 10 FINE GRAVEL 
10 30 SAND 
30 70 COARSE GRAVEL AND SMALL ROCK 
    
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company: 
License No:- 
Date 
Completed:10/12/1959  
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Site Name: PIERRE ROSE 
GWIC Id: 174301  
Section 1: Well Owner 
Owner Name 
PIERRE ROSE  
Mailing Address 
  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 20W 2 SE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1706 114.0858 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work
Drilling Method:  
 
Section 5: Well Completion Date 
Date well completed: Friday, December 22, 1961 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well. 
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
0 79 4       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description
74 79 4   1/8X6 SLOTS  
Annular Space (Seal/Grout/Packer) 
 
There are no annular space records assigned to this well. 
 
 
Section 7: Well Test Data 
 
Total Depth: 79 
Static Water Level: 56 
Water Temperature:  
 
Pump Test * 
 
Depth pump set for test    feet. 
 9  gpm pump rate with    feet of drawdown after    
hours of pumping. 
Time of recovery  0  hours. 
Recovery water level    feet. 
Pumping water level  57.3  feet. 
 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
112OTSH - GLACIAL OUTWASH (PLEISTOCENE) 
From To Description 
0 1 TOPSOIL 
1 15 ROCKS AND GRAVEL 
15 30 SAND & CLAY 
30 65 CLAY & GRAVEL 
65 79 SAND & GRAVEL (WATER) 
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:OKEEFE 
License No:- 
Date 
Completed:12/22/1961  
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Section 1: Well Owner 
Owner Name 
CREPEAU JIM  
Mailing Address 
178 HATCHERY LANE  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 20W 2 SW¼ NE¼ SE¼ SE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1691 114.0827 MAP NAD27 
Altitude Method Datum Date 
3075       
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work
Drilling Method: ROTARY  
 
Section 5: Well Completion Date 
Date well completed: Wednesday, April 06, 1994 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.  
Casing 
From To Diameter
Wall 
Thickness 
Pressure
Rating Joint Type 
-2 100 6       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
100 100 6     OPEN BOTTOM * 
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont. 
Fed? 
0 0 BENTONITE    
Site Name: CREPEAU JIM 
GWIC Id: 141360  
Section 7: Well Test Data 
Total Depth: 100 
Static Water Level: 70 
Water Temperature:  
 
Air Test * 
 40  gpm with drill stem set at    feet for  1  
hours. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level    feet. 
 
 
* During the well test the discharge rate shall 
be as uniform as possible. This rate may or 
may not be the sustainable yield of the well. 
Sustainable yield does not include the 
reservoir of the well casing. 
Section 8: Remarks 
JEROMES FILE NO: 6046 USE CRESCENT 
WRENCH TO LOOSEN CAP. SAMPLING PT -
HOSE ON SOUTHWEST SIDE OF HOUSE. 
 
Section 9: Well Log 
Geologic Source 
112OTSH - GLACIAL OUTWASH 
(PLEISTOCENE) 
From To Description 
0 2 SOIL 
2 18 SILT SAND GRAVEL BOULDERS 
18 36 SAND CLAY 
36 100 SAND GRAVEL 
    
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is 
in compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:JEROME 
License No:WWC-249 
Date 
Completed:4/6/1994  
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Section 1: Well Owner 
Owner Name 
FIXHER JOHN  
Mailing Address 
JOCKO HOLLOW  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 20W 2 SW¼ NW¼ NW¼ SW¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1729 114.1015 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work 
Drilling Method: FORWARD ROTARY 
 
Section 5: Well Completion Date 
Date well completed: Friday, June 22, 1979 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-1.5 51.5 6       STEEL
30 150 4       PVC  
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
70 150 4     1/16X3 SLOT PFS 
Annular Space (Seal/Grout/Packer) 
 
There are no annular space records assigned to this well.  
 
 
 
 
 
 
 
 
 
 
Site Name: FISHER JOHN 
GWIC Id: 72695  
Section 7: Well Test Data 
 
Total Depth: 150 
Static Water Level: 8 
Water Temperature:  
 
Air Test * 
 
 17  gpm with drill stem set at    feet for  1  hours.
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level  100  feet. 
 
 
* During the well test the discharge rate shall be 
as uniform as possible. This rate may or may not 
be the sustainable yield of the well. Sustainable 
yield does not include the reservoir of the well 
casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
400MSSL - MISSOULA GROUP 
From To Description 
0 6 CLAY & GRAVEL 
6 9 SAND GRAVEL & WATER 
9 19 TAN CLAY 
19 41 TAN CLAY GRAVEL & BROKEN ROCK 
41 51.5 BROKEN ROCK 
51.5 75 ROCK 
75 150 ROCK & SEEPS OF WATER 
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is 
in compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:CAMP 
License No:WWC-7 
Date 
Completed:6/22/1979  
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Section 1: Well Owner 
Site Name: CRAWFORD SIMON 
GWIC Id: 189655  
Owner Name 
CRAWFORD SIMON  
Mailing Address 
990 JOCKO RD.  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 20W 12 NE¼ NE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1655 114.0621 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
   
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work
Drilling Method: ROTARY  
 
Section 5: Well Completion Date 
Date well completed: Thursday, May 24, 2001 
 
Section 6: Well Construction Details 
Borehole dimensions 
From To Diameter 
0 160 6  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-2 160 6 0.250     STEEL  
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
150 155 6   3/16X1 
HOLTE PERFORATOR 
SLOTS  
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont. 
Fed? 
0 0 BENTONITE    
 
 
 
 
 
 
 
 
 
Section 7: Well Test Data 
 
Total Depth: 160 
Static Water Level: 97 
Water Temperature:  
 
Air Test * 
 
 25  gpm with drill stem set at  155  feet for  2  
hours. 
Time of recovery  0.33  hours. 
Recovery water level  97  feet. 
Pumping water level    feet. 
 
* During the well test the discharge rate shall be 
as uniform as possible. This rate may or may not 
be the sustainable yield of the well. Sustainable 
yield does not include the reservoir of the well 
casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
Unassigned  
From To Description 
0 1 SOIL 
1 97 SAND/ GRAVEL/ SMALL BOULDERS 
97 118 SAND GRAVEL AND BOULDERS 
118 138
CEMENTED SAND/ GRAVEL AND 
BOULDERS 
138 160
SAND AND GRAVEL W/WATER/ 
CEMENTED LAYERS 
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is 
in compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:JEROME 
License No:WWC-600 
Date 
Completed:5/24/2001  
106 
Site Name: MACFARLAND CRAIG & J 
GWIC Id: 72742  
Section 1: Well Owner 
Owner Name 
MACFARLAND CRAIG & JANICE BENNETT  
Mailing Address 
996 MCLEOD RD  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 20W 12 SE¼ NE¼ NE¼ NE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1661 114.0602 MAP NAD27 
Altitude Method Datum Date 
3110       
Addition Block Lot 
TRACT A COS 3556     
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work 
Drilling Method: FORWARD ROTARY 
 
Section 5: Well Completion Date 
Date well completed: Wednesday, February 29, 1984 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-1 49 7       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
49 49 7     OPEN BOTTOM * 
Annular Space (Seal/Grout/Packer) 
 
There are no annular space records assigned to this well.   
Section 7: Well Test Data 
 
Total Depth: 49 
Static Water Level: 20 
Water Temperature:  
 
Pump Test * 
Depth pump set for test    feet. 
 25  gpm pump rate with    feet of drawdown after 
 1  hours of pumping. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level  38  feet. 
 
* During the well test the discharge rate shall be 
as uniform as possible. This rate may or may not 
be the sustainable yield of the well. Sustainable 
yield does not include the reservoir of the well 
casing. 
Section 8: Remarks 
CRESCENT WRENCH LOOSENS CAP. SAMPLING 
PT- HYDRANT BWTWEEN HOUSE AND WELL IN 
YARD. 
 
Section 9: Well Log 
Geologic Source 
112OTSH - GLACIAL OUTWASH 
(PLEISTOCENE) 
From To Description 
0 1 SOIL 
1 49 SAND & GRAVEL W/WATER 
    
    
    
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is 
in compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:JEROME 
License No:WWC-249 
Date 
Completed:2/29/1984  
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Site Name: MCGAHAN JEROME 
GWIC Id: 72743  
Section 1: Well Owner 
Owner Name 
MCGAHAN JEROME  
Mailing Address 
BOX 71  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 20W 12 NE¼ NE¼ SE¼ NE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1633 114.0602 MAP NAD27 
Altitude Method Datum Date 
3095       
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work 
Drilling Method: FORWARD ROTARY 
 
Section 5: Well Completion Date 
Date well completed: Thursday, December 17, 1987
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-1.5 59 6       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
59 59 6     OPEN BOTTOM * 
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont.
Fed?
0 20 BENTONITE SURF. SEAL    
 
 
 
 
 
 
 
 
 
 
 
 
Section 7: Well Test Data 
Total Depth: 59 
Static Water Level: 14 
Water Temperature:  
 
Air Test * 
 15  gpm with drill stem set at    feet for  1  hours. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level    feet. 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
USE CRESCENT WRENCH TO LOOSEN CAP. JET PUMP 
IS BENEATH SHED NORTH OF WELL. SAMPLING PT -
HYDRANT ON WEST SIDE OF HOUSE. DO NOT USE 
HYDRANT AT WELL. 
Section 9: Well Log 
Geologic Source 
112DRFT - GLACIAL DRIFT 
From To Description 
0 14 CLAY GRAVEL & COBBLESTONES 
14 49 CLAY GRAVEL SAND & WATER 
49 56 CLAY & GRAVEL 
56 59
CLAY SAND GRAVEL BROKEN ROCK & 
WATER 
    
    
    
 
 
 
 
 
 
 
  
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:CAMP 
License No:WWC-7 
Date 
Completed:12/17/1987  
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Site Name: SYKES JOHN & MELISSA 
GWIC Id: 160785  
Section 1: Well Owner 
Owner Name 
SYKES JOHN AND MELESSA  
Mailing Address 
2806 GARFIELD LN  
City State Zip Code 
MISSOULA MT 59801  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 20W 12 SE¼ SE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1543 114.0621 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work 
Drilling Method: ROTARY DRIVEN 
 
Section 5: Well Completion Date 
Date well completed: Friday, May 02, 1997 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-2 118 6       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
110 115 6     3/16X1 PERFS 
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont. 
Fed? 
0 0 BENTONITE    
 
 
 
 
 
 
 
 
 
 
 
 
Section 7: Well Test Data 
Total Depth: 118 
Static Water Level: 68 
Water Temperature:  
 
Air Test * 
 20  gpm with drill stem set at    feet for  1  hours.
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level    feet. 
 
* During the well test the discharge rate shall be 
as uniform as possible. This rate may or may not 
be the sustainable yield of the well. Sustainable 
yield does not include the reservoir of the well 
casing. 
Section 8: Remarks 
JEROMES FILE NO: 6637 
 
Section 9: Well Log 
Geologic Source 
112OTSH - GLACIAL OUTWASH 
(PLEISTOCENE) 
From To Description 
0 2 SOIL 
2 68 SAND GRAVEL AND COBBLES 
68 90
SAND GRAVEL AND COBBLES WITH 
WATER 
90 120
CEMENTED SAND AND GRAVEL WITH 
WATER CLAY AND GRAVEL LAYERS 
    
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is 
in compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:JEROME 
License No:WWC-249 
Date 
Completed:5/2/1997  
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Site Name: ADAMS ARTHUR & SUMNER JAY 
GWIC Id: 152698  
Section 1: Well Owner 
Owner Name 
ADAMS & SUMNER  
Mailing Address 
PO BOX 620  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 20W 12 NW¼ SE¼ SW¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1552 114.0744 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
PLATT #SP-71   1 
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
STOCKWATER (2)  
 
Section 4: Type of Work
Drilling Method: ROTARY  
 
Section 5: Well Completion Date 
Date well completed: Wednesday, March 27, 1996 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well. 
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-1.8 62.2 6       STEEL
62.2 119 6       STEEL 
There are no completion records assigned to this well.  
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont. 
Fed? 
0 62 BENTONITE    
Section 7: Well Test Data 
Total Depth: 125 
Static Water Level: 54.87 
Water Temperature:  
 
Air Test * 
 3  gpm with drill stem set at    feet for  1.25  
hours. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level  117  feet. 
 
* During the well test the discharge rate shall be 
as uniform as possible. This rate may or may not 
be the sustainable yield of the well. Sustainable 
yield does not include the reservoir of the well 
casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
112OTSH - GLACIAL OUTWASH 
(PLEISTOCENE) 
From To Description 
0 1 BLACK DIRT 
1 55
SILT SAND GRAVEL AND COBBLES 
WITH THIN LAYERS OF TAN CLAY 
55 63
COARSE SAND AND GRAVEL WITH 
WATER 
63 125 FINE SILT SAND GRAVEL 
    
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is 
in compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:LOCHNER 
License No:WWC-62 
Date 
Completed:3/27/1996  
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Site Name: OTOUPALIK, ERNIE 
GWIC Id: 227258  
Section 1: Well Owner 
Owner Name 
OTOUPALIK, ERNIE  
Mailing Address 
PO BOX 70  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 20W 12 SW¼ NW¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1617 114.0785 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work
Drilling Method: ROTARY  
 
Section 5: Well Completion Date 
Date well completed: Tuesday, June 27, 2006 
 
Section 6: Well Construction Details 
Borehole dimensions 
From To Diameter 
0 22 10 
22 60 6  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-1.5 58.5 6 0.250   WELDED
A53B 
STEEL 
There are no completion records assigned to this well.  
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont. 
Fed? 
0 22 BENTONITE    
 
 
 
 
 
 
 
 
Section 7: Well Test Data 
 
Total Depth: 60 
Static Water Level: 39 
Water Temperature:  
 
Air Test * 
 
 35  gpm with drill stem set at  55  feet for  1  hours. 
Time of recovery  0.05  hours. 
Recovery water level    feet. 
Pumping water level    feet. 
 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
Unassigned  
From To Description 
0 4 BROWN SAND 
4 36 GRAVEL, SAND 
36 43 BROWN SAND 
43 51 BROWN SAND, SEEPS WATER 
51 60 COBBLES, GRAVEL, SAND, WATER 
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:MAIN HARBOR PUMPS AN 
License No:WWC-612 
Date 
Completed:6/27/2006  
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Site Name: REHBEIN MARVIN 
GWIC Id: 130499  
Section 1: Well Owner 
Owner Name 
REHBEIN MARVIN  
Mailing Address 
2756 DUMONTIER RD  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 19W 6 SE¼ SE¼ NW¼ SE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1711 114.0438 MAP NAD27 
Altitude Method Datum Date 
3215       
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work
Drilling Method: ROTARY  
 
Section 5: Well Completion Date 
Date well completed: Tuesday, January 07, 1992 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well. 
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-1.5 199.8 6       STEEL 
There are no completion records assigned to this well.  
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont. 
Fed? 
0 20 BENTONITE    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Section 7: Well Test Data 
 
Total Depth: 200 
Static Water Level: 148 
Water Temperature:  
 
Air Test * 
 
 35  gpm with drill stem set at    feet for  1  hours. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level  195  feet. 
 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
USE CRESCENT WRENCH TO LOOSEN CAP 
SAMPLING PT -HYDRANT 15 YDS E. OF WELL. 
 
Section 9: Well Log 
Geologic Source 
112DRFT - GLACIAL DRIFT 
From To Description 
0 148 CLAY GRAVEL AND COBBLESTONE 
148 200
CLAY SAND GRAVEL COBBLESTONES 
AND WATER 
    
    
    
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:CAMP 
License No:WWC-7 
Date 
Completed:1/7/1992  
112 
Site Name: AKERS GLEN 
GWIC Id: 72576  
Section 1: Well Owner 
Owner Name 
AKERS GLEN  
Mailing Address 
  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 19W 6 NW¼ NW¼ NW¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1809 114.0584 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
    4 
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work 
Drilling Method: FORWARD ROTARY 
 
Section 5: Well Completion Date 
Date well completed: Friday, March 04, 1988 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.  
Casing 
From To Diameter
Wall 
Thickness 
Pressure
Rating Joint Type 
-1.5 151 6       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
151 151 6     OPEN BOTTOM * 
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont. 
Fed? 
0 20 BENTONITE    
Section 7: Well Test Data 
 
Total Depth: 151 
Static Water Level: 99 
Water Temperature:  
 
Air Test * 
 
 100  gpm with drill stem set at    feet for  1.5  
hours. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level  130  feet. 
 
 
* During the well test the discharge rate shall be 
as uniform as possible. This rate may or may not 
be the sustainable yield of the well. Sustainable 
yield does not include the reservoir of the well 
casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
112DRFT - GLACIAL DRIFT 
From To Description 
1 27 CLAY SAND & GRAVEL 
27 32 WET SANDY CLAY 
32 105 CLAY SAND & GRAVEL 
105 151 CLAY SAND GRAVEL & WATER 
    
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is 
in compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:CAMP 
License No:WWC-7 
Date 
Completed:3/4/1988  
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Site Name: KOELBEL JOHN R. 
GWIC Id: 72585  
Section 1: Well Owner 
Owner Name 
KOELBEL JOHN R  
Mailing Address 
  
City State Zip Code 
MISSOULA MT 59801  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 19W 7 NE¼ SE¼ SE¼ NE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1612 114.0387 TRS-SEC NAD27 
Altitude Method Datum Date 
3146       
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
IRRIGATION (2)  
STOCKWATER (3)  
 
Section 4: Type of Work
Drilling Method: CABLE  
 
Section 5: Well Completion Date 
Date well completed: Wednesday, May 21, 1969 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.  
Casing 
From To Diameter
Wall 
Thickness 
Pressure
Rating Joint Type 
-1.8 182 6       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
182 182 6     OPEN BOTTOM * 
Annular Space (Seal/Grout/Packer) 
 
There are no annular space records assigned to this well.  
 
 
 
 
 
 
 
 
 
 
 
Section 7: Well Test Data 
Total Depth: 182 
Static Water Level: 125 
Water Temperature:  
 
Air Test * 
 35  gpm with drill stem set at    feet for  4  hours. 
Time of recovery    hours. 
Recovery water level    feet. 
Pumping water level  160  feet. 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
112DRFT - GLACIAL DRIFT 
From To Description 
0 14
SAND AND GRAVEL MIXED WITH 
COBBLESTONES 
14 22
COBBLESTONES AND GRAVEL MIXED IN 
CLAY 
22 27 FINE SAND AND GRAVEL 
27 43
GRAVEL AND COBBLESTONES MIXED IN 
SANDY CLAY 
43 86 SAND AND GRAVEL MIXED IN CLAY 
86 98
GRAVEL AND COBBLESTONES MIXED IN 
CLAY 
98 127 SANDY CLAY SOME GRAVEL MIXED IN 
127 149
FINE SAND AND GRAVEL MIXED IN CLAY. 
SEEPS OF WATER 
149 152 SILTY SAND SOME GRAVEL MIXED IN 
152 179
GRAVEL AND COBBLESTONES MIXED IN 
SANDY CLAY 
179 182 CLEAN COARSE GRAVEL WATER 
    
    
    
     
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:LIBERTY 
License No:WWC-52 
Date 
Completed:5/21/1969  
114 
Site Name: GRIER PAUL 
GWIC Id: 203030  
Section 1: Well Owner 
Owner Name 
GRIER PAUL  
Mailing Address 
643 N CORTURE LOOP  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 19W 7 NW¼ NW¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1654 114.0572 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
    2 
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work
Drilling Method: ROTARY  
 
Section 5: Well Completion Date 
Date well completed: Thursday, May 01, 2003 
 
Section 6: Well Construction Details 
Borehole dimensions 
From To Diameter 
0 144 6  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-2 144 6 0.250     STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
144 144 6     OPEN BOTTOM 
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont. 
Fed? 
0 0 BENTONITE    
Section 7: Well Test Data 
Total Depth: 144 
Static Water Level: 91 
Water Temperature:  
 
Air Test * 
 20  gpm with drill stem set at  140  feet for  2  
hours. 
Time of recovery  0.08  hours. 
Recovery water level  91  feet. 
Pumping water level    feet. 
* During the well test the discharge rate shall be 
as uniform as possible. This rate may or may not 
be the sustainable yield of the well. Sustainable 
yield does not include the reservoir of the well 
casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
Unassigned  
From To Description 
0 0.5 TOP SOIL 
0.5 65
MULTI COLORED COBBLES AND 
GRAVEL 
65 100
MULTI COLORED COBBLES AND 
GRAVEL SAND MOIST LAYERS 
100 125 LITTLE WATER SAND AND GRAVEL 
125 130
GRAVEL AND COBBLES TAN AND GRAY 
CLAY (WATER) 
130 144
MULTI COLORED GRAVEL TAN CLAY 
(WATER) 
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is 
in compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:JEROMES DRILLING CO 
License No:WWC-600 
Date 
Completed:5/1/2003  
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Site Name: GROGAN, MICHAEL 
GWIC Id: 220436  
Section 1: Well Owner 
Owner Name 
GROGAN, MICHAEL  
Mailing Address 
2230 LYON CREEK RD  
City State Zip Code 
MISSOULA MT 59804  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 19W 7 NE¼ SW¼ SW¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1561 114.0569 NAV-GPS NAD83 
Altitude Method Datum Date 
        
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work 
Drilling Method: DUAL ROTARY 
 
Section 5: Well Completion Date 
Date well completed: Tuesday, July 19, 2005 
 
Section 6: Well Construction Details 
Borehole dimensions 
From To Diameter 
0 115 6  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-2 115 6 0.250   WELDED
A53A 
STEEL  
There are no completion records assigned to this well.  
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont.
Fed?
0 115 GRANULAR BENTONITE Y  
 
 
 
 
 
 
 
 
 
 
 
Section 7: Well Test Data 
 
Total Depth: 115 
Static Water Level: 72 
Water Temperature: 15 
 
Air Test * 
 
 20  gpm with drill stem set at  100  feet for  2  
hours. 
Time of recovery  1  hours. 
Recovery water level  72  feet. 
Pumping water level    feet. 
 
 
* During the well test the discharge rate shall be 
as uniform as possible. This rate may or may not 
be the sustainable yield of the well. Sustainable 
yield does not include the reservoir of the well 
casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
Unassigned  
From To Description 
0 5 BLACK TOP SOIL 
5 60 GRAY SANDS AND GRAVELS 
60 118
GRAY SANDS AND GRAVELS WITH 
WATER 
118 120 BROWN CLAY AND GRAVEL 
    
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is 
in compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:AK DRILLING- INC 
License No:WWC-624 
Date 
Completed:7/19/2005  
Site Name: USGS - MAKEPEACE MONITORING WELL Section 7: Well Test Data 
116 
GWIC Id: 703168  
Section 1: Well Owner 
Owner Name 
USGS - MAKEPEACE MONITORING WELL  
Mailing Address 
THERESA ADAMS LANE  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 19W 8 SE¼ NW¼ SW¼ NE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1622 114.0258 MAP NAD27 
Altitude Method Datum Date 
3300       
Addition Block Lot 
   
 
Section 3: Proposed Use of Water
MONITORING (1)  
 
Section 4: Type of Work 
Drilling Method: AIR ROTARY 
 
Section 5: Well Completion Date 
Date well completed: Wednesday, September 28, 1988 
 
Section 6: Well Construction Details 
Borehole dimensions 
From To Diameter 
0 322 7 
322 398 5  
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
0 322.3 6       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description 
198 298 6     DOWN HOLE PERFS 
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont.
Fed?
0 3 GROUT   
310 310 DOUBLE ENDED PACKER    
 
Total Depth: 307 
Static Water Level:  
Water Temperature:  
 
 
 
* During the well test the discharge rate shall be 
as uniform as possible. This rate may or may not 
be the sustainable yield of the well. Sustainable 
yield does not include the reservoir of the well 
casing. 
Section 8: Remarks 
E-LINE CAN BE PUT IN BENEATH RECORDER BOX. 
BE CAREFUL OF CABLES GOING INTO WELL 
FROM RECORDER. 
 
Section 9: Well Log 
Geologic Source 
120SDMS - SEDIMENTS (TERTIARY) 
From To Description 
0 15
COBBLES. RED GRAY ARGILLITE WITH 
SILT SAND MATRIX 
15 225 COBBLE GRAVEL SILT SAND MATRIX. 
225 270
COBBLE GRAVEL. OCHRE SILTSTONE 
CHIPS. SANDY BEDS PRODUCING 
WATER. 
270 320 COARSE GRAINED ARGILLITE SAND 
320 398 BROWN CLAY 
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is 
in compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:UNKNOWN 
License No:- 
Date 
Completed:9/28/1988  
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Site Name: STRANAHAN MARY 
GWIC Id: 173452  
Section 1: Well Owner 
Owner Name 
STRANAHAN MARY  
Mailing Address 
1659 JOCKO RD  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 19W 8 SW¼ SE¼ SW¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1532 114.0318 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
There are no uses assigned to this well. 
 
Section 4: Type of Work
Drilling Method: ROTARY  
 
Section 5: Well Completion Date 
Date well completed: Friday, April 09, 1999 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well.
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
-1.5 210 6       STEEL 
There are no completion records assigned to this well. 
Annular Space (Seal/Grout/Packer) 
From To Description 
Cont. 
Fed? 
0 0 BENTONITE    
Section 7: Well Test Data 
 
Total Depth: 210 
Static Water Level: 163 
Water Temperature:  
 
Air Test * 
 
 33  gpm with drill stem set at    feet for  2.5  hours. 
Time of recovery  0.25  hours. 
Recovery water level  163  feet. 
Pumping water level  163  feet. 
 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
112DRFT - GLACIAL DRIFT 
From To Description 
0 1.5 TOPSOIL 
1.5 69 GRAVELS & COBBLES 
69 73 GRAY CLAY 
73 141 GRAVELS COBBLES & BOULDERS 
141 146 GRAVEL SAND SILT CLAY MIX 
146 162 GRAVEL COBBLES BOULDERS 
162 167 GRAVEL SAND SILT & CLAY MIX 
167 184 GRAVELS COBBLES BOULDERS DAMP 
184 215 GRAVELS COBBLES BOULDERS & WATER 
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:BLACKFOOT 
License No:WWC-578 
Date 
Completed:4/9/1999  
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Site Name: ADAMS TERESA 
GWIC Id: 174285  
Section 1: Well Owner 
Owner Name 
ADAMS TERESA  
Mailing Address 
  
City State Zip Code 
ARLEE MT 59821  
 
Section 2: Location 
Township Range Section Quarter Sections 
16N 19W 8 SE¼  
County Geocode 
LAKE   
Latitude Longitude Geomethod Datum 
47.1559 114.0223 TRS-SEC NAD27 
Altitude Method Datum Date 
        
Addition Block Lot 
      
 
Section 3: Proposed Use of Water
DOMESTIC (1)  
 
Section 4: Type of Work
Drilling Method:  
 
Section 5: Well Completion Date 
Date well completed: Sunday, March 25, 1962 
 
Section 6: Well Construction Details 
There are no borehole dimensions assigned to this well. 
Casing 
From To Diameter 
Wall 
Thickness 
Pressure
Rating Joint Type 
0 95 4       STEEL 
Completion (Perf/Screen) 
From To Diameter 
# of 
Openings 
Size of 
Openings Description
90 95 4   1/8X6 SLOTS  
Annular Space (Seal/Grout/Packer) 
 
There are no annular space records assigned to this well.  
Section 7: Well Test Data 
 
Total Depth: 95 
Static Water Level: 79 
Water Temperature:  
 
Pump Test * 
 
Depth pump set for test    feet. 
 5  gpm pump rate with    feet of drawdown after    
hours of pumping. 
Time of recovery  0  hours. 
Recovery water level    feet. 
Pumping water level    feet. 
 
 
* During the well test the discharge rate shall be as 
uniform as possible. This rate may or may not be the 
sustainable yield of the well. Sustainable yield does 
not include the reservoir of the well casing. 
Section 8: Remarks 
 
 
Section 9: Well Log 
Geologic Source 
111ALVM - ALLUVIUM (HOLOCENE) 
From To Description 
0 3 TOPSOIL 
3 30 ROCKS & GRAVEL 
30 85 GRAVEL SAND AND ROCKS 
85 95 SAND (WATER) 
    
    
    
    
    
    
    
    
    
    
     
Driller Certification 
All work performed and reported in this well log is in 
compliance with the Montana well construction 
standards. This report is true to the best of my 
knowledge.  
Name: 
Company:OKEEFE 
License No:- 
Date 
Completed:3/25/1962  
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Appendix B 
 
 
River Stage
120 
Staff Gauge #0   
Top of Gauge= 3102.61  (ft) 
   
Date WL EL 
   
2/27/04 14:23 0.45 3100.06 
3/26/04 14:37 0.87 3100.48 
4/30/04 15:05 0.74 3100.35 
6/4/04 12:37 1.65 3101.26 
6/14/04 13:03 2.02 3101.63 
7/7/04 11:45 0.81 3100.43 
7/20/04 12:10 0.76 3100.37 
8/28/04 09:50 0.71 3100.32 
10/12/04 10:25 0.68 3100.29 
5/3/05 11:35 1.23 3100.84 
5/16/05 13:53 1.88 3101.49 
 
Staff Gauge #1   
Top of Gauge = 3079.05  (ft) 
   
Date WL EL 
   
2/27/04 10:24 0.42 3076.47 
3/26/04 11:21 0.80 3076.85 
4/30/04 10:25 0.73 3076.78 
6/1/04 18:24 1.60 3077.65 
6/14/04 9:34 1.69 3077.74 
7/8/04 11:25 0.76 3076.81 
7/20/04 13:20 0.53 3076.58 
8/28/04 09:50 0.68 3076.73 
10/12/04 10:25 0.60 3076.65 
12/16/04 11:50 0.79 3076.84 
4/5/05 12:46 0.91 3076.96 
5/2/05 12:48 1.19 3077.24 
5/16/05 14:55 1.79 3077.84 
 
Staff Gage #2   
Top of Gage= 3075.55  (ft) 
(Re-installed on 
12/04) 3075.00  (ft) 
Date SWL EL 
   
2/27/04 10:14 0.54 3073.09 
3/26/04 11:16 0.80 3073.36 
4/30/04 10:09 0.74 3073.29 
6/1/04 18:36 1.04 3073.60 
6/14/04 09:23 1.15 3073.70 
7/8/04 11:19 0.75 3073.30 
7/20/04 13:10 0.66 3073.21 
8/28/04 09:44 1.08 3073.64 
12/16/04 0:00 1.54 3073.54 
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121 
4/5/05 12:31 1.44 3073.44 
5/2/05 12:40 1.27 3073.27 
5/16/05 14:40 2.50 3074.50 
 
Staff Gauge #3  
Top of Gauge = 3058.38  (ft) 
(Re-installed on 
12/04) 3059.38  (ft) 
Date SWL EL 
   
2/27/04 09:57 0.64 3056.02 
3/26/04 11:03 1.06 3056.44 
4/30/04 09:49 1.02 3056.40 
6/1/04 18:00 1.80 3057.18 
6/14/04 09:11 2.07 3057.45 
7/8/04 11:07 1.19 3056.57 
7/20/04 12:43 1.03 3056.41 
8/28/04 09:35 1.10 3056.48 
12/16/04 11:31 1.67 3058.04 
4/5/05 12:31 1.73 3058.10 
5/2/05 13:40 2.07 3057.31 
5/16/05 15:07 2.10 3057.28 
 
Staff Gauge #4  
Top of Gauge = 3050.33  (ft) 
(Re-installed on 
12/04) 3051.91  (ft) 
Date SWL EL 
  
1/28/04 12:00 0.70 3048.03 
2/27/04 10:25 0.72 3048.05 
3/26/04 10:25 1.16 3048.49 
4/30/04 09:19 1.13 3048.46 
6/1/04 17:36 1.93 3049.26 
6/14/04 08:48 2.32 3049.65 
7/8/04 10:40 1.19 3048.52 
7/20/04 11:55 1.01 3048.34 
8/28/04 09:12 1.13 3048.46 
10/12/04 09:49 1.08 3048.41 
12/16/04 12:14 1.46 3050.37 
4/5/05 12:00 1.44 3050.35 
5/2/05 13:11 1.71 3050.62 
5/16/05 15:25 2.46 3051.37 
6/10/05 14:33 0.19 3052.10 
9/14/05 14:20 1.44 3050.35 
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Staff Gauge #5  
Top of Gauge = 3039.85  (ft) 
   
Date WL EL 
   
2/27/04 11:55 0.86 3037.71 
3/26/04 11:53 1.13 3037.98 
4/30/04 11:11 1.11 3037.96 
6/1/04 16:50 1.79 3038.64 
6/14/04 10:08 2.14 3038.99 
7/8/04 12:37 1.23 3038.08 
7/20/04 14:20 1.13 3037.98 
8/28/04 10:22 1.18 3038.03 
12/16/04 13:22 1.15 3038.00 
4/6/05 10:46 1.23 3038.08 
5/2/05 13:59 1.56 3038.41 
5/16/05 12:09 2.44 3039.29 
 
Staff Gauge #6  
Top of Gauge = 3029.90  (ft) 
   
Date SWL EL 
1/28/04 12:00 0.38 3027.28 
2/27/04 08:35 0.40 3027.29 
3/26/04 09:54 1.02 3027.92 
4/30/04 08:43 0.95 3027.85 
6/1/04 16:28 2.03 3028.93 
6/14/04 08:14 2.45 3029.35 
7/7/04 09:59 1.17 3028.06 
7/20/04 10:57 0.96 3027.86 
8/28/04 08:43 1.11 3028.01 
10/12/04 09:21 1.02 3027.92 
12/16/04 13:00 1.17 3028.06 
4/5/05 13:42 1.25 3028.15 
5/2/05 14:32 1.67 3028.56 
5/16/05 16:10 2.54 3029.44 
6/10/05 15:13 1.85 3030.17 
 
Staff Gauge #7  
Top of Gauge = 3021.77  (ft) 
   
Date SWL EL 
   
2/27/04 08:19 0.20 3018.97 
3/26/04 13:19 0.70 3019.47 
4/30/04 12:46 0.58 3019.35 
6/1/04 15:48 1.65 3020.42 
6/14/04 11:19 1.96 3020.73 
7/8/04 14:02 0.81 3019.58 
7/20/04 15:29 0.64 3019.41 
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8/28/04 11:26 0.77 3019.54 
10/12/04 12:51 0.71 3019.48 
12/16/04 13:05 0.82 3019.59 
4/5/05 09:40 0.90 3019.67 
5/2/05 15:36 1.27 3020.04 
5/16/05 16:30 2.06 3020.83 
 
Staff Gauge #8  
Top of Gauge = 3015.73  (ft) 
   
Date SWL EL 
   
2/27/04 12:50 0.53 3013.26 
3/26/04 12:29 0.91 3013.64 
4/30/04 11:46 0.85 3013.58 
6/1/04 15:05 1.49 3014.22 
6/14/04 10:30 1.73 3014.46 
7/8/04 13:17 1.02 3013.75 
7/20/04 15:05 0.89 3013.62 
8/28/04 10:42 0.91 3013.64 
10/12/04 11:55 0.93 3013.66 
12/16/04 13:30 1.00 3013.73 
4/5/05 09:55 1.05 3013.78 
5/2/05 14:56 1.27 3014.00 
5/16/05 12:32 1.83 3014.56 
 
Staff Gauge #9  
Top of Gauge = 3000.23  (ft) 
   
Date SWL EL 
   
2/27/04 13:15 0.54 2997.77 
3/26/04 12:39 0.90 2998.13 
4/30/04 12:14 0.82 2998.05 
6/1/04 14:40 1.69 2998.92 
6/14/04 10:46 1.90 2999.13 
7/8/04 13:22 1.04 2998.27 
7/20/04 10:13 0.94 2998.17 
8/28/04 10:59 1.04 2998.27 
10/12/04 12:12 1.00 2998.23 
4/5/05 10:10 1.06 2998.29 
5/2/05 15:15 1.40 2998.63 
5/16/05 12:54 2.00 2999.23 
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Staff Gage #10  
Top of Gauge = 3102.61 
   
Date WL EL 
   
2/27/04 14:23 0.45 3100.06
3/26/04 14:37 0.87 3100.48
4/30/04 15:05 0.74 3100.35
6/4/04 12:37 1.65 3101.26
6/14/04 13:03 2.02 3101.63
7/7/04 11:45 0.81 3100.43
7/20/04 12:10 0.76 3100.37
8/28/04 09:50 0.71 3100.32
10/12/04 10:25 0.68 3100.29
5/3/05 11:35 1.23 3100.84
5/16/05 13:53 1.88 3101.49
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Appendix C 
 
 
Continuous Level Logger Data 
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Appendix D. 
 
 
Grain-Size Data 
130 
8/11/2004 Pre-Restoration Left Bank SG 4 
Sieve Size Cum Wt. Ret. % Cum. Ret. % Ind. Ret. 
    
3" 0 0.00 0.0 
2" 1544.4 21.83 21.8 
1" 2039.6 28.83 7.0 
3/4" 2327 32.90 4.1 
1/2" 2933.2 41.47 8.6 
3/8" 3339.1 47.21 5.7 
1/4" 3877.1 54.81 7.6 
#4 4290.9 60.66 5.9 
#10 5487.3 77.58 16.9 
#30 6717.5 94.97 17.4 
#50 6919.4 97.82 2.9 
#200 7033.3 99.43 1.6 
#230 7043.1 99.57 0.1 
PAN 7073.5 100.00 0.4 
TOTAL 7073.5  100.0 
    
d10 0.85 Geometric Mean 21.80 
d30 2.9 Cu 15.8 
d50 8 Cc 0.5 
d60 13.4 Shepard K (m/d) 0.3 
 
 
 
 
8/11/2004 Pre-Restoration Mid Channel SG 4 
Sieve Size Cum Wt. Ret. % Cum. Ret. % Ind. Ret. 
    
3" 0 0.00 0.0 
2" 205 2.87 2.9 
1" 2500 34.99 32.1 
3/4" 3126.1 43.75 8.8 
1/2" 3771.5 52.78 9.0 
3/8" 4212.8 58.96 6.2 
1/4" 4798.1 67.15 8.2 
#4 5142.2 71.96 4.8 
#10 6165.9 86.29 14.3 
#30 6996 97.91 11.6 
#50 7097.3 99.33 1.4 
#200 7139.2 99.91 0.6 
#230 7141 99.94 0.0 
PAN 7145.5 100.00 0.1 
TOTAL 7145.5  100.0 
   
d10 1.5 Geometric Mean 18.80 
d30 5.3 Cu 15.3 
d50 16 Cc 1.8 
d60 23 Shepard K (m/d) 1.1 
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8/11/2004 Pre-Restoration Right Bank SG 4 
Sieve Size Cum Wt. Ret. % Cum. Ret. % Ind. Ret. 
  0  
3" 1267.3 18.70 18.7 
2" 2116.9 31.20 12.5 
1" 2579 38.00 6.8 
3/4" 3154.5 46.50 8.5 
1/2" 3871.41 57.00 10.5 
3/8" 4323.6 63.70 6.7 
1/4" 4767.6 70.20 6.5 
#4 5083 74.90 4.7 
#10 5954.4 87.70 12.8 
#30 6686.2 98.50 10.8 
#50 6759.5 99.60 1.1 
#200 6782.9 99.90 0.3 
#230 6784.7 99.90 0.1 
PAN 6789.8 100.00 0 
TOTAL 6789.8  100.0 
    
d10 1.6 Geometric Mean 34.87 
d30 6.35 Cu 15.0 
d50 17 Cc 2.7 
d60 24 Shepard K (m/d) 1.2 
 
 
8/11/2004 Pre-Restoration Left Bank SG 1 
Sieve Size Cum Wt. Ret. % Cum. Ret. % Ind. Ret. 
    
3" 0 0.00 0.0 
2" 1266.4 16.97 17.0 
1" 2266.2 30.37 13.4 
3/4" 2906.1 38.95 8.6 
1/2" 3601.8 48.27 9.3 
3/8" 4029.9 54.01 5.7 
1/4" 4619 61.90 7.9 
#4 5054 67.73 5.8 
#10 6186.1 82.90 15.2 
#30 7015.5 94.02 11.1 
#50 7292.2 97.72 3.7 
#200 7440.9 99.72 2.0 
#230 7447.2 99.80 0.1 
PAN 7462 100.00 0.2 
TOTAL 7462  100.0 
    
d10 1 Geometric mean 22.3 
d30 4.3 Cu 19.0 
d50 12 Cc 1.0 
d60 19 Shepard K (m/d) 0.7 
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8/11/2004 Pre-Restoration Mid Channel SG1 
Sieve Size Cum Wt. Ret. % Cum. Ret. % Ind. Ret. 
  0  
3" 1472.2 19.64 19.6 
2" 2268.8 30.26 10.6 
1" 2998.8 40.00 9.7 
3/4" 3608 48.13 8.1 
1/2" 4175.1 55.69 7.6 
3/8" 4573 61.00 5.3 
1/4" 5018.9 66.95 5.9 
#4 5344.9 71.30 4.3 
#10 6350.2 84.71 13.4 
#30 7332.2 97.81 13.1 
#50 7451.8 99.40 1.6 
#200 7487.8 99.88 0.5 
#230 7489.6 99.91 0.0 
PAN 7496.7 100.00 0.1 
TOTAL 7496.7  100.0 
    
d10 1.4 Geometric mean 33.5 
d30 5 Cu 17.9 
d50 18.5 Cc 1.4 
d60 25 Shepard K (m/d) 1.3 
 
 
8/11/2004 Pre-Restoration Right Bank SG1 
Sieve Size Cum Wt. Ret. % Cum. Ret. % Ind. Ret. 
  0  
3" 2465.9 30.13 30.1 
2" 3806.7 46.51 16.4 
1" 4699.6 57.42 10.9 
3/4" 5135 62.74 5.3 
1/2" 5615.9 68.62 5.9 
3/8" 5872.3 71.75 3.1 
1/4" 6220.7 76.01 4.3 
#4 6454.3 78.86 2.9 
#10 7218.3 88.20 9.3 
#30 8036.7 98.20 10.0 
#50 8144.4 99.51 1.3 
#200 8176.9 99.91 0.4 
#230 8178.9 99.93 0.1 
PAN 8184.4 100.00 0.0 
TOTAL 8184.4  100.0 
   
d10 1.8 Geometric mean 44.0 
d30 12.5 Cu 33.3 
d50 42 Cc 4.7 
d60 60 Shepard K (m/d) 5.2 
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11/10/2004 Post-Restoration Left Bank SG 4 
Sieve Size Cum Wt. Ret. % Cum. Ret. % Ind. Ret. 
    
3" 0 0.00 0.0 
2" 1955.1 24.44 24.4 
1" 3519.6 44.00 19.6 
3/4" 3820.2 47.76 3.8 
1/2" 4427.7 55.35 7.6 
3/8" 4858.6 60.74 5.4 
1/4" 5334.8 66.69 6.0 
#4 5646.6 70.59 3.9 
#10 6547.2 81.85 11.3 
#30 7652.7 95.67 13.8 
#50 7892.3 98.66 3.0 
#200 7985.2 99.83 1.2 
#230 7989.4 99.88 0.1 
PAN 7999.1 100.00 0.1 
TOTAL 7999.1  100.0 
   
d10 1.1 Geometric Mean 25.73 
d30 5 Cu 27.3 
d50 17.5 Cc 0.9 
d60 30 Shepard K (m/d) 1.2 
 
 
11/10/2004 Post-Restoration Mid Channel SG 4 
Sieve Size Cum Wt. Ret. % Cum. Ret. % Ind. Ret. 
    
3" 1015.5 11.17 11.2 
2" 1242.1 13.67 2.5 
1" 2658.8 29.26 15.6 
3/4" 3600.1 39.62 10.4 
1/2" 4628.4 50.93 11.3 
3/8" 5264.6 57.93 7.0 
1/4" 5999.8 66.02 8.1 
#4 6448.8 70.96 4.9 
#10 7582.5 83.44 12.5 
#30 8781.4 96.63 13.2 
#50 9024.4 99.30 2.7 
#200 9083.1 99.95 0.6 
#230 9084.2 99.96 0.0 
PAN 9087.6 100.00 0.0 
TOTAL 9087.6 100.0 
   
d10 2.5 Geometric Mean 20.17 
d30 4.5 Cu 7.6 
d50 12.6 Cc 2.7 
d60 19.1 Shepard K (m/d) 0.7 
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11/10/2004 Post-Restoration Right Bank SG 4 
Sieve Size Cum Wt. Ret. % Cum. Ret. % Ind. Ret. 
    
3" 782.2 10.04 10.0 
2" 2446.8 31.41 21.4 
1" 3363.2 43.18 11.8 
3/4" 3707.5 47.60 4.4 
1/2" 4299 55.19 7.6 
3/8" 4675.4 60.02 4.8 
1/4" 5173.5 66.42 6.4 
#4 5514.4 70.80 4.4 
#10 6459.3 82.93 12.1 
#30 7554.7 96.99 14.1 
#50 7714 99.04 2.0 
#200 7781.3 99.90 0.9 
#230 7789.1 100.00 0.1 
PAN 7789.1 100.00 0.0 
TOTAL 7789.1 100.0 
   
d10 1.1 Geometric Mean 28.93 
d30 5 Cu 30.0 
d50 17 Cc 0.8 
d60 33 Shepard K (m/d) 1.2 
 
 
11/10/2004 Post-Restoration Left Bank SG 1 
Sieve Size Cum Wt. Ret. % Cum. Ret. % Ind. Ret. 
  
3" 927.4 14.14 14.1 
2" 1260.4 19.22 5.1 
1" 2113.6 32.22 13.0 
3/4" 2565.6 39.11 6.9 
1/2" 2947.6 44.94 5.8 
3/8" 3352.7 51.11 6.2 
1/4" 3826.3 58.33 7.2 
#4 4186.3 63.82 5.5 
#10 5301.4 80.82 17.0 
#30 6181.3 94.24 13.4 
#50 6443.2 98.23 4.0 
#200 6545.6 99.79 1.6 
#230 6549.9 99.86 0.1 
PAN 6559.2 100.00 0.1 
TOTAL 6559.2 100.0 
   
d10 1 Geometric mean 25.5 
d30 3.5 Cu 19.0 
d50 10 Cc 0.6 
d60 19 Shepard K (m/d) 0.5 
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11/10/2004 Post-Restoration Mid Channel SG 1 
Sieve Size Cum Wt. Ret. % Cum. Ret. % Ind. Ret. 
  
3" 1507 20.07 20.1 
2" 1924 25.62 5.6 
1" 2918.1 38.86 13.2 
3/4" 3432.7 45.72 6.9 
1/2" 4067.8 54.17 8.5 
3/8" 4453.9 59.32 5.1 
1/4" 4989.2 66.44 7.1 
#4 5353.2 71.29 4.8 
#10 6426.2 85.58 14.3 
#30 7328.1 97.59 12.0 
#50 7458 99.32 1.7 
#200 7502.9 99.92 0.6 
#230 7504.6 99.94 0.0 
PAN 7508.8 100.00 0.1 
TOTAL 7508.8 100.0 
   
d10 1.5 Geometric mean 33.1 
d30 5 Cu 16.0 
d50 17 Cc 1.6 
d60 24 Shepard K (m/d) 1.2 
 
 
11/10/2004 Post-Restoration Right Bank SG 1 
Sieve Size Cum Wt. Ret. % Cum. Ret. % Ind. Ret. 
  
3" 1657.9 21.52 21.5 
2" 1914.1 24.85 3.3 
1" 3608.5 46.85 22.0 
3/4" 3897.3 50.60 3.7 
1/2" 4398.5 57.10 6.5 
3/8" 4771.9 61.95 4.8 
1/4" 5268.4 68.40 6.4 
#4 5604.9 72.76 4.4 
#10 6538.6 84.88 12.1 
#30 7479.7 97.10 12.2 
#50 7651.7 99.34 2.2 
#200 7696.6 99.92 0.6 
#230 7698.4 99.94 0.1 
PAN 7702.9 100.00 0.0 
TOTAL 7702.9  100.0 
   
d10 1.4 Geometric mean 35.1 
d30 6.35 Cu 15.0 
d50 19 Cc 2.7 
d60 21 Shepard K (m/d) 1.4 
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Appendix E. 
 
 
Hydraulic Conductivity Test 
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SG 3 – Falling Head Slug Test - Hvorslev T1 T2 T3 T4 
     
Depth to Water 
(cm) 
Change in 
Water 
Level, h 
(cm) h/h0 
Elapsed 
Time (s) 
Elapsed 
Time (s) 
Elapsed 
Time (s) 
Elapsed 
Time (s) 
0       
75 75 1.00 0 0 0 0 
60 60 0.80 6.63 6.71 3.56 5.48 
50 50 0.67 12.96 12.21 10.46 10.2 
40 40 0.53 19.77 17.99 17.85 15.06 
30 30 0.40 26.95 24.29 26.31 20.29 
20 20 0.27 34.66 31.06 35.03 26.06 
10 10 0.13 43.03 38.17 44.58 31.98 
0 0 0.00 52.07 45.9 54.97 38.51 
       
 ft m     
Radius= 0.03125 0.009525     
Length of Screen= 0.66 0.201168     
Radius of Screen= 0.03125 0.009525     
 s s s s   
T0= 25.19 22.74 24.64 19.02   
h/h0= 0.37 0.37 0.37 0.37   
       
k(ft/sec)= 0.00009 0.00010 0.00009 0.00012   
k(ft/day)= 7.74 8.57 7.91 10.25   
       
k(m/sec)= 0.00003 0.00003 0.00003 0.00004   
k(m/day)= 2.36 2.61 2.41 3.12   
       
average 2.63 m/day     
 8.62 ft/day     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
y = 1.1579e-0.0599x
y = 1.1342e-0.0444x
y = 1.1623e-0.0503x
y = 1.0323e-0.0416x
0.10
1.00
10.00
0 10 20 30 40 50
Elapsed Time (s)
h/
h 0
T1
T2
T3
T4
K = (Well Radius2 * LN (Length of 
Screen / Radius of 
Screen)) / (2 * Length of 
Screen * T0) 
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SG 4 – Falling Head Slug Test- Hvorslev T1 T2 T3 T4 
     
Depth to Water (cm) 
Change in 
Water  
Level, h  
(cm) h/h0 
Elapsed 
Time (s) 
Elapsed 
Time (s) 
Elapsed 
Time (s) 
Elapsed 
Time (s) 
0      
75 75 1.00 0 0 0 0
60 60 0.80 1.89 2.03 1.64 1.74
50 50 0.67 3.22 3.29 2.74 2.86
40 40 0.53 4.45 4.56 3.94 3.98
30 30 0.40 5.88 5.87 5.27 5.26
20 20 0.27 7.35 7.3 6.6 6.54
10 10 0.13 8.86 8.76 7.96 7.86
0 0 0.00 10.47 10.35 9.54 9.4
       
 ft m     
Radius= 0.03125 0.009525    
Length of Screen= 0.66 0.201168    
Radius of Screen= 0.03125 0.009525    
 s s s s   
T0= 5.47 5.48 4.89 4.89  
h/h0= 0.37 0.37 0.37 0.37  
       
k(ft/sec)= 0.00041 0.00041 0.00046 0.00046  
k(ft/day)= 35.61 35.57 39.88 39.91  
       
k(m/sec)= 0.00013 0.00013 0.00014 0.00014  
k(m/day)= 10.86 10.84 12.16 12.16  
       
average 11.50m/day     
 37.74ft/day     
 
 
y = 1.2244e-0.2453x
y = 1.2176e-0.2176x
y = 1.2413e-0.2208x
y = 1.2004e-0.2412x
0.10
1.00
10.00
0 2 4 6 8 10
Elapsed Time (s)
h/
h0
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T4
K = (Well Radius2 * LN (Length of 
Screen / Radius of 
Screen)) / (2 * Length of 
Screen * T0) 
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SG 5 – Falling Head Slug Test- Hvorslev T1 T2 T3 
    
Depth to Water (cm) 
Change in 
Water  
Level h, 
(cm) h/h0 
Elapsed 
Time (s) 
Elapsed  
Time (s) 
Elapsed 
Time (s) 
0     
75 75 1.00 0 0 0
60 60 0.80 1.41 1.57 1.45
50 50 0.67 2.24 2.3 2.22
40 40 0.53 3.06 3.21 3.14
30 30 0.40 3.93 4.14 4.01
20 20 0.27 4.88 5.15 4.96
10 10 0.13 5.91 6.12 5.9
0 0 0.00 6.99 7.21 6.95
      
 ft m    
Radius= 0.03125 0.009525   
Length of Screen= 0.66 0.201168   
Radius of Screen= 0.03125 0.009525   
 s s s   
T0= 4.54 3.87 3.73  
h/h0= 0.37 0.37 0.37  
      
k(ft/sec)= 0.00050 0.00058 0.00060  
k(ft/day)= 42.99 50.39 52.24  
      
k(m/sec)= 0.00015 0.00018 0.00018  
k(m/day)= 13.10 15.36 15.92  
      
average 14.80m/day    
 48.54ft/day    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
y = 1.0594e-0.2314x
y = 1.2527e-0.3269x
y = 1.2596e-0.3168x
0.10
1.00
10.00
0 2 4 6 8
Elapsed Time (s)
h/
h0
T1
T2
T3
K = (Well Radius2 * LN (Length of 
Screen / Radius of 
Screen)) / (2 * Length of 
Screen * T0) 
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Stream Bed Temperature Analysis – Lapham, 1989 – SG2 
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1steptimeatnodeateTemperaturWhere 1 +=+ niT ni  (°C)  
 niT ni steptimeat1nodeateTemperatur1 −=−  (°C) 
 niT ni steptimeat1nodeateTemperatur1 +=+  (°C) 
 ∆t = Time increment between time steps (s) 
 ∆z = Spacing between nodes (cm) 
 k = Thermal conductivity of saturated material (cal s-1 cm-1 °C)  
 cw = Volumetric heat capacity of water (cal cm-3 °C) 
 ρw = Density of water (g cm-3) 
 vz = Groundwater velocity (cm s-1)  
 
Thermal Conductivity (k) = 0.00576 cal/cm-s-°C   
Time increments (∆t ) = 3600 sec   
Wet-Bulk Density (ρ) = 1.5 g/cm3   
Volumetric Heat Capacity (c) = 0.9998 cm3/oC   
Vertical Spacing (∆z) = 65 cm   
Density of Fluid (ρw ) = 0.9997 g/cm^3   
Volumetric Heat Capacity of Fluid (cw) = 0.9997 ρw * spec. heat of water 
     
∆h = -1.49 v = 0.002068 cm/s 
∆l = 1.09 v = 1.79 m/day 
Vertical Hydraulic Gradient (ft) = -1.37   
     
K (m/d) = -1.31   
K (ft/d) = -4.29   
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 i-1  i  i+1  Ti
n+1 
Depth (ft) River Bed 
0.75 ft 
Below Bed 
1.5 ft  
Below Bed 
2.25 ft 
Below Bed 
3.0 ft  
Below Bed  
Curve 
Match 
Time (n)        
6/1 19:11 11.1 11.2 11.1 10.7 9.6  11.13 
6/1 20:11 10.6 10.5 11.0 10.8 9.5  11.02 
6/1 21:11 10.1 10.0 10.6 10.5 9.5  10.65 
6/1 22:11 9.6 9.6 10.1 10.1 9.4  10.16 
6/1 23:11 9.2 9.1 9.7 9.7 9.2  9.78 
6/2 0:11 8.9 8.8 9.4 9.4 9.1  9.46 
6/2 1:11 8.5 8.5 9.0 9.1 8.9  9.07 
6/2 2:11 8.3 8.1 8.8 8.8 8.8  8.85 
6/2 3:11 7.9 7.8 8.4 8.4 8.5  8.47 
6/2 4:11 7.5 7.5 8.0 8.1 8.3  8.08 
6/2 5:11 7.2 7.1 7.8 7.9 8.1  7.86 
6/2 6:11 7.0 6.9 7.5 7.6 8.0  7.59 
6/2 7:11 6.9 6.7 7.2 7.4 7.8  7.30 
6/2 8:11 6.7 6.6 7.1 7.2 7.6  7.19 
6/2 9:11 6.9 6.7 7.1 7.1 7.5  7.18 
6/2 10:11 7.2 7.0 7.4 7.2 7.5  7.45 
6/2 11:11 7.9 7.5 7.8 7.5 7.5  7.81 
6/2 12:11 8.6 8.3 8.3 8.0 7.8  8.30 
6/2 13:11 9.4 9.0 9.0 8.5 7.9  9.00 
6/2 14:11 10.3 9.9 9.7 9.1 8.1  9.70 
6/2 15:11 11.0 10.6 10.6 9.9 8.4  10.57 
6/2 16:11 11.4 11.1 11.1 10.5 8.6  11.07 
6/2 17:11 11.6 11.5 11.5 10.9 8.9  11.46 
6/2 18:11 11.6 11.5 11.7 11.1 9.0  11.69 
6/2 19:11 11.5 11.4 11.6 11.3 9.1  11.59 
6/2 20:11 11.3 11.3 11.6 11.3 9.2  11.60 
6/2 21:11 10.9 10.9 11.4 11.1 9.4  11.40 
6/2 22:11 10.6 10.5 11.1 11.0 9.4  11.13 
6/2 23:11 10.3 10.3 10.8 10.8 9.5  10.81 
6/3 0:11 9.9 9.9 10.5 10.5 9.5  10.55 
6/3 1:11 9.5 9.5 10.1 10.3 9.4  10.17 
6/3 2:11 9.1 9.1 9.7 9.9 9.4  9.79 
6/3 3:11 8.8 8.8 9.4 9.6 9.2  9.46 
6/3 4:11 8.4 8.4 9.1 9.2 9.1  9.20 
6/3 5:11 8.1 8.1 8.8 9.0 9.1  8.87 
6/3 6:11 7.8 7.8 8.5 8.8 9.0  8.60 
6/3 7:11 7.6 7.5 8.3 8.5 8.9  8.38 
6/3 8:11 7.5 7.4 8.0 8.3 8.8  8.10 
6/3 9:11 7.6 7.5 8.0 8.1 8.6  8.09 
6/3 10:11 8.0 7.8 8.1 8.1 8.5  8.18 
6/3 11:11 8.6 8.4 8.4 8.4 8.5  8.44 
6/3 12:11 9.1 8.8 8.8 8.6 8.5  8.81 
6/3 13:11 9.9 9.6 9.4 9.0 8.5  9.40 
6/3 14:11 10.6 10.3 9.9 9.4 8.6  9.88 
6/3 15:11 11.4 11.0 10.6 10.0 8.8  10.58 
6/3 16:11 11.9 11.7 11.3 10.6 8.9  11.23 
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 i-1  i  i+1  Ti
n+1 
Depth (ft) River Bed 
0.75 ft 
Below Bed 
1.5 ft  
Below Bed 
2.25 ft 
Below Bed 
3.0 ft  
Below Bed  
Curve 
Match 
Time (n)        
6/3 17:11 11.9 11.7 11.7 11.0 9.0  11.68 
6/3 18:11 12.0 11.9 11.9 11.3 9.1  11.85 
6/3 19:11 12.1 12.0 12.0 11.5 9.2  11.96 
6/3 20:11 11.9 11.7 12.1 11.6 9.5  12.09 
6/3 21:11 11.5 11.5 11.9 11.5 9.6  11.89 
6/3 22:11 11.1 11.1 11.6 11.4 9.6  11.62 
6/3 23:11 10.8 10.8 11.3 11.3 9.7  11.30 
6/4 0:11 10.5 10.5 11.0 11.0 9.7  11.04 
6/4 1:11 10.1 10.1 10.8 10.8 9.9  10.83 
6/4 2:11 9.9 9.9 10.5 10.6 9.9  10.56 
6/4 3:11 9.6 9.6 10.3 10.4 9.9  10.35 
6/4 4:11 9.5 9.5 10.0 10.1 9.7  10.07 
6/4 5:11 9.2 9.2 9.9 10.0 9.7  9.97 
6/4 6:11 9.0 9.0 9.6 9.7 9.6  9.70 
6/4 7:11 8.9 8.9 9.5 9.6 9.6  9.59 
6/4 8:11 8.8 8.8 9.4 9.5 9.5  9.48 
6/4 9:11 9.0 8.8 9.2 9.4 9.5  9.30 
6/4 10:11 9.4 9.1 9.4 9.4 9.4  9.45 
6/4 11:11 9.9 9.6 9.6 9.5 9.4  9.66 
6/4 12:11 10.6 10.3 10.0 9.7 9.4  10.02 
6/4 13:11 11.4 11.0 10.6 10.1 9.4  10.60 
6/4 14:11 12.1 11.7 11.3 10.6 9.5  11.25 
6/4 15:11 12.9 12.5 12.0 11.3 9.6  11.95 
6/4 16:11 13.5 13.1 12.6 11.7 9.7  12.54 
6/4 17:11 13.6 13.5 13.1 12.2 9.9  13.05 
6/4 18:11 13.5 13.4 13.4 12.6 10.1  13.34 
6/4 19:11 13.3 13.3 13.4 12.8 10.3  13.35 
6/4 20:11 13.0 13.0 13.4 12.9 10.4  13.37 
6/4 21:11 12.5 12.5 13.1 12.8 10.5  13.11 
6/4 22:11 12.0 12.1 12.8 12.6 10.6  12.80 
6/4 23:11 11.6 11.6 12.4 12.4 10.8  12.43 
6/5 0:11 11.1 11.3 12.0 12.0 10.9  12.06 
6/5 1:11 10.8 10.9 11.6 11.7 10.9  11.69 
6/5 2:11 10.4 10.4 11.3 11.5 10.9  11.37 
6/5 3:11 9.9 10.0 10.9 11.1 10.8  10.99 
6/5 4:11 9.6 9.6 10.6 10.9 10.8  10.72 
6/5 5:11 9.2 9.4 10.3 10.5 10.6  10.40 
6/5 6:11 9.1 9.1 9.9 10.3 10.5  10.01 
6/5 7:11 8.9 8.9 9.6 10.0 10.4  9.73 
6/5 8:11 8.9 8.8 9.4 9.7 10.1  9.50 
6/5 9:11 9.0 8.9 9.4 9.6 10.1  9.49 
6/5 10:11 9.2 9.1 9.5 9.6 10.0  9.59 
6/5 11:11 9.7 9.5 9.6 9.6 9.9  9.68 
6/5 12:11 10.1 10.0 10.0 9.9 9.9  10.06 
6/5 13:11 10.4 10.3 10.3 10.1 9.9  10.33 
6/5 14:11 10.6 10.5 10.5 10.3 9.9  10.54 
6/5 15:11 11.5 11.1 10.9 10.5 9.9  10.90 
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 i-1  i  i+1  Ti
n+1 
Depth (ft) River Bed 
0.75 ft 
Below Bed 
1.5 ft  
Below Bed 
2.25 ft 
Below Bed 
3.0 ft  
Below Bed  
Curve 
Match 
Time (n)        
6/5 16:11 11.7 11.5 11.4 11.0 10.0  11.39 
6/5 17:11 11.7 11.5 11.5 11.1 10.0  11.51 
6/5 18:11 11.9 11.7 11.6 11.3 10.0  11.61 
6/5 19:11 11.9 11.7 11.7 11.5 10.1  11.73 
6/5 20:11 11.4 11.5 11.7 11.5 10.1  11.74 
6/5 21:11 11.0 11.1 11.5 11.4 10.3  11.54 
6/5 22:11 10.8 10.8 11.4 11.3 10.3  11.44 
6/5 23:11 10.5 10.6 11.1 11.1 10.3  11.17 
6/6 0:11 10.4 10.4 11.0 11.0 10.4  11.07 
6/6 1:11 10.1 10.1 10.8 10.9 10.4  10.86 
6/6 2:11 9.9 9.9 10.6 10.6 10.3  10.69 
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Stream Bed Temperature Analysis – Lapham, 1989 – SG3 
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1steptimeatnodeateTemperaturWhere 1 +=+ niT ni  (°C)  
 niT ni steptimeat1nodeateTemperatur1 −=−  (°C) 
 niT ni steptimeat1nodeateTemperatur1 +=+  (°C) 
 ∆t = Time increment between time steps (s) 
 ∆z = Spacing between nodes (cm) 
 k = Thermal conductivity of saturated material (cal s-1 cm-1 °C)  
 cw = Volumetric heat capacity of water (cal cm-3 °C) 
 ρw = Density of water (g cm-3) 
 vz = Groundwater velocity (cm s-1)  
 
Thermal Conductivity (k) = 0.00576 cal/cm-s-°C   
Time increments (∆t) = 3600    
Wet-Bulk Density (ρ) = 1.5 g/cm3   
Volumetric Heat Capacity (c) = 0.9998 cm3/oC   
Vertical Spacing (∆z) = 65 cm   
Density of Fluid (ρw) = 0.9997 g/cm^3   
Volumetric Heat Capacity of Fluid (cw) = 0.9997 ρw * spec. heat of water 
    
∆h = 0.01 v = -0.0002 cm/s 
∆l  = 1.66   
Vertical Hydraulic Gradient (ft)= 0.006 v = -0.193 m/day 
    
K (m/d) = 31.97   
K (ft/d) = 104.88    
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 i-1 i  i+1  Tin+1 
Depth (ft) River Bed 1.5 ft Below Bed 
2.25 ft 
Below Bed 
3 ft Below 
Bed  
Curve 
Match 
Time (n)       
6/1 18:24 11.71 10.92 10.94 7.87  11.00 
6/1 19:24 11.32 10.92 10.94 7.70  10.99 
6/1 20:24 10.82 10.64 10.82 7.70  10.71 
6/1 21:24 10.32 10.42 10.44 7.59  10.49 
6/1 22:24 9.82 10.03 10.05 7.59  10.09 
6/1 23:24 9.44 9.64 9.66 7.59  9.70 
6/2 0:24 9.10 9.25 9.44 7.48  9.31 
6/2 1:24 8.82 9.03 9.05 7.48  9.09 
6/2 2:24 8.44 8.64 8.82 7.48  8.69 
6/2 3:24 8.05 8.42 8.44 7.48  8.47 
6/2 4:24 7.71 8.03 8.16 7.37  8.08 
6/2 5:24 7.44 7.75 7.82 7.37  7.80 
6/2 6:24 7.21 7.53 7.55 7.20  7.57 
6/2 7:24 7.10 7.25 7.44 7.20  7.30 
6/2 8:24 7.10 7.14 7.27 7.20  7.19 
6/2 9:24 7.32 7.14 7.27 7.09  7.19 
6/2 10:24 7.71 7.36 7.44 7.09  7.41 
6/2 11:24 8.32 7.75 7.82 7.09  7.81 
6/2 12:24 9.10 8.42 8.32 7.20  8.48 
6/2 13:24 9.94 9.03 8.94 7.20  9.10 
6/2 14:24 10.71 9.64 9.55 7.37  9.71 
6/2 15:24 11.44 10.42 10.32 7.37  10.49 
6/2 16:24 11.82 10.92 10.82 7.48  11.00 
6/2 17:24 11.94 11.25 11.16 7.59  11.33 
6/2 18:24 11.94 11.42 11.32 7.59  11.50 
6/2 19:24 11.82 11.42 11.32 7.59  11.50 
6/2 20:24 11.60 11.25 11.32 7.70  11.33 
6/2 21:24 11.21 11.14 11.16 7.70  11.22 
6/2 22:24 10.82 10.92 10.94 7.70  10.99 
6/2 23:24 10.55 10.64 10.66 7.70  10.71 
6/3 0:24 10.21 10.25 10.44 7.70  10.32 
6/3 1:24 9.71 10.03 10.05 7.70  10.09 
6/3 2:24 9.32 9.64 9.66 7.70  9.70 
6/3 3:24 8.94 9.25 9.44 7.70  9.31 
6/3 4:24 8.71 9.03 9.05 7.70  9.09 
6/3 5:24 8.32 8.64 8.82 7.59  8.69 
6/3 6:24 8.05 8.42 8.55 7.59  8.47 
6/3 7:24 7.82 8.14 8.16 7.59  8.19 
6/3 8:24 7.82 8.03 8.05 7.59  8.08 
6/3 9:24 7.94 8.03 8.05 7.48  8.08 
6/3 10:24 8.44 8.14 8.16 7.48  8.19 
6/3 11:24 9.10 8.53 8.55 7.48  8.59 
6/3 12:24 9.60 8.92 8.94 7.48  8.98 
6/3 13:24 10.44 9.53 9.44 7.59  9.60 
6/3 14:24 11.10 10.03 9.94 7.59  10.10 
6/3 15:24 11.94 10.75 10.66 7.70  10.83 
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 i-1 i  i+1  Tin+1 
Depth (ft) River Bed 1.5 ft Below Bed 
2.25 ft 
Below Bed 
3 ft Below 
Bed  
Curve 
Match 
Time (n)       
6/3 16:24 12.32 11.42 11.32 7.70  11.50 
6/3 17:24 12.32 11.64 11.55 7.87  11.72 
6/3 18:24 12.32 11.75 11.66 7.87  11.83 
6/3 19:24 12.44 11.86 11.77 7.87  11.95 
6/3 20:24 12.10 11.86 11.77 7.87  11.94 
6/3 21:24 11.71 11.64 11.66 7.87  11.72 
6/3 22:24 11.32 11.42 11.44 7.87  11.49 
6/3 23:24 11.10 11.14 11.16 7.98  11.21 
6/4 0:24 10.82 10.92 10.94 7.98  10.99 
6/4 1:24 10.44 10.64 10.66 7.98  10.71 
6/4 2:24 10.21 10.42 10.44 7.98  10.49 
6/4 3:24 9.94 10.14 10.16 7.98  10.21 
6/4 4:24 9.82 9.86 10.05 7.98  9.93 
6/4 5:24 9.60 9.75 9.77 7.98  9.81 
6/4 6:24 9.32 9.53 9.55 7.98  9.59 
6/4 7:24 9.21 9.25 9.44 7.98  9.31 
6/4 8:24 9.21 9.14 9.27 7.87  9.20 
6/4 9:24 9.32 9.14 9.16 7.87  9.20 
6/4 10:24 9.82 9.36 9.44 7.87  9.43 
6/4 11:24 10.44 9.75 9.77 7.87  9.82 
6/4 12:24 11.21 10.25 10.16 7.98  10.33 
6/4 13:24 11.94 10.92 10.82 7.98  11.00 
6/4 14:24 12.71 11.53 11.44 8.09  11.61 
6/4 15:24 13.44 12.25 12.05 8.09  12.34 
6/4 16:24 13.94 12.75 12.66 8.26  12.85 
6/4 17:24 14.21 13.25 13.16 8.37  13.35 
6/4 18:24 13.94 13.25 13.16 8.37  13.35 
6/4 19:24 13.71 13.25 13.16 8.37  13.34 
6/4 20:24 13.32 13.14 13.05 8.48  13.23 
6/4 21:24 12.82 12.75 12.82 8.48  12.84 
6/4 22:24 12.32 12.36 12.44 8.48  12.44 
6/4 23:24 11.82 12.03 12.05 8.59  12.11 
6/5 0:24 11.44 11.75 11.77 8.59  11.83 
6/5 1:24 11.10 11.42 11.44 8.59  11.49 
6/5 2:24 10.55 11.03 11.05 8.59  11.10 
6/5 3:24 10.21 10.64 10.66 8.48  10.71 
6/5 4:24 9.82 10.25 10.32 8.48  10.32 
6/5 5:24 9.60 10.03 10.05 8.48  10.09 
6/5 6:24 9.32 9.64 9.77 8.37  9.70 
6/5 7:24 9.21 9.53 9.55 8.37  9.59 
6/5 8:24 9.21 9.25 9.44 8.26  9.31 
6/5 9:24 9.44 9.25 9.27 8.26  9.31 
6/5 10:24 9.71 9.53 9.44 8.26  9.59 
6/5 11:24 10.21 9.75 9.66 8.26  9.82 
6/5 12:24 10.71 10.03 10.05 8.26  10.10 
6/5 13:24 10.82 10.42 10.32 8.26  10.49 
6/5 14:24 11.21 10.53 10.55 8.26  10.60 
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 i-1 i  i+1  Tin+1 
Depth (ft) River Bed 1.5 ft Below Bed 
2.25 ft 
Below Bed 
3 ft Below 
Bed  
Curve 
Match 
Time (n)       
6/5 15:24 12.10 11.03 10.94 8.26  11.11 
6/5 16:24 12.10 11.42 11.32 8.26  11.50 
6/5 17:24 12.21 11.64 11.55 8.26  11.72 
6/5 18:24 12.32 11.75 11.66 8.26  11.83 
6/5 19:24 12.21 11.75 11.77 8.26  11.83 
6/5 20:24 11.71 11.64 11.66 8.37  11.72 
6/5 21:24 11.32 11.42 11.44 8.37  11.49 
6/5 22:24 11.10 11.14 11.16 8.26  11.21 
6/5 23:24 10.82 10.92 10.94 8.37  10.99 
6/6 0:24 10.71 10.75 10.82 8.37  10.82 
6/6 1:24 10.44 10.53 10.55 8.37  10.60 
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Stream Bed Temperature Analysis – Lapham, 1989 – SG4 
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1steptimeatnodeateTemperaturWhere 1 +=+ niT ni  (°C)  
 niT ni steptimeat1nodeateTemperatur1 −=−  (°C) 
 niT ni steptimeat1nodeateTemperatur1 +=+  (°C) 
 ∆t = Time increment between time steps (s) 
 ∆z = Spacing between nodes (cm) 
 k = Thermal conductivity of saturated material (cal s-1 cm-1 °C)  
 cw = Volumetric heat capacity of water (cal cm-3 °C) 
 ρw = Density of water (g cm-3) 
 vz = Groundwater velocity (cm s-1) 
  
Thermal Conductivity (k) = 0.00576 cal/cm-s-°C   
Time increments (∆t ) = 3600    
Wet-Bulk Density (ρ) = 1.5 g/cm3   
Volumetric Heat Capacity (c) = 0.9998 cm3/oC   
Vertical Spacing (∆z) = 65 cm   
Density of Fluid (ρw) = 0.9997 g/cm^3   
Volumetric Heat Capacity of Fluid (cw) = 0.9997 ρw * spec. heat of water 
    
∆h = -0.97 v = 0.00045 cm/s 
∆l = 1.63   
Vertical Hydraulic Gradient (ft) = -0.595 v = 0.385 m/day 
    
K (m/d) = -0.65   
K (ft/d) = -2.12    
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 i-1  i  i+1  Tin+1 
Depth (ft) River Bed 0.75 ft Below Bed 
1.5 ft  
Below Bed 
2.25 ft 
Below Bed 
3 ft  
Below Bed  
Curve 
Match 
Time (n)        
6/1 19:45 10.98 10.90 10.96 10.84 10.91  11.03 
6/1 20:45 10.48 10.57 10.57 10.51 10.41  10.64 
6/1 21:45 9.93 10.01 10.07 10.01 10.02  10.14 
6/1 22:45 9.59 9.51 9.57 9.62 9.64  9.64 
6/1 23:45 9.21 9.18 9.18 9.34 9.41  9.25 
6/2 0:45 8.82 8.79 8.79 8.95 9.14  8.86 
6/2 1:45 8.48 8.57 8.57 8.73 8.80  8.63 
6/2 2:45 8.09 8.18 8.18 8.34 8.52  8.24 
6/2 3:45 7.82 7.79 7.79 8.12 8.30  7.85 
6/2 4:45 7.43 7.51 7.57 7.84 7.91  7.63 
6/2 5:45 7.21 7.29 7.29 7.62 7.64  7.35 
6/2 6:45 7.09 7.01 7.07 7.34 7.52  7.12 
6/2 7:45 6.93 7.01 7.07 7.23 7.25  7.12 
6/2 8:45 7.09 7.01 7.07 7.23 7.25  7.12 
6/2 9:45 7.32 7.40 7.29 7.34 7.41  7.34 
6/2 10:45 7.98 7.90 7.79 7.62 7.80  7.84 
6/2 11:45 8.59 8.68 8.46 8.12 8.14  8.51 
6/2 12:45 9.32 9.40 9.18 8.62 8.64  9.24 
6/2 13:45 10.21 10.18 9.79 9.12 9.14  9.85 
6/2 14:45 10.98 11.07 10.68 9.73 9.64  10.74 
6/2 15:45 11.48 11.57 11.18 10.23 10.14  11.24 
6/2 16:45 11.82 11.79 11.57 10.62 10.41  11.63 
6/2 17:45 11.82 11.79 11.68 10.84 10.80  11.75 
6/2 18:45 11.71 11.68 11.57 11.01 10.80  11.64 
6/2 19:45 11.59 11.57 11.57 11.01 10.91  11.64 
6/2 20:45 11.21 11.29 11.29 11.01 10.91  11.36 
6/2 21:45 10.82 10.90 10.96 10.84 10.80  11.03 
6/2 22:45 10.59 10.57 10.68 10.73 10.64  10.75 
6/2 23:45 10.21 10.18 10.29 10.51 10.52  10.36 
6/3 0:45 9.82 9.79 10.07 10.23 10.30  10.14 
6/3 1:45 9.43 9.40 9.68 10.12 10.02  9.75 
6/3 2:45 9.09 9.07 9.29 9.73 9.75  9.36 
6/3 3:45 8.71 8.79 8.91 9.45 9.52  8.97 
6/3 4:45 8.32 8.40 8.57 9.23 9.25  8.64 
6/3 5:45 8.09 8.18 8.29 8.95 9.02  8.36 
6/3 6:45 7.82 7.90 8.07 8.73 8.91  8.14 
6/3 7:45 7.71 7.79 7.96 8.51 8.64  8.02 
6/3 8:45 7.82 7.79 7.79 8.34 8.41  7.85 
6/3 9:45 8.09 8.18 7.96 8.34 8.41  8.02 
6/3 10:45 8.71 8.68 8.29 8.34 8.52  8.35 
6/3 11:45 9.21 9.18 8.79 8.62 8.64  8.85 
6/3 12:45 9.93 10.01 9.41 8.84 8.91  9.46 
6/3 13:45 10.48 10.57 10.07 9.34 9.41  10.13 
6/3 14:45 11.32 11.40 10.68 9.84 9.75  10.74 
6/3 15:45 12.09 12.18 11.41 10.34 10.30  11.46 
6/3 16:45 12.21 12.18 11.79 10.73 10.64  11.86 
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 i-1  i  i+1  Tin+1 
Depth (ft) River Bed 0.75 ft Below Bed 
1.5 ft  
Below Bed 
2.25 ft 
Below Bed 
3 ft  
Below Bed  
Curve 
Match 
Time (n)        
6/3 17:45 12.09 12.18 11.79 11.01 10.91  11.86 
6/3 18:45 12.32 12.29 11.91 11.23 11.14  11.97 
6/3 19:45 12.21 12.29 12.07 11.45 11.30  12.14 
6/3 20:45 11.82 11.79 11.79 11.45 11.41  11.87 
6/3 21:45 11.32 11.40 11.57 11.34 11.30  11.65 
6/3 22:45 10.98 11.07 11.18 11.23 11.14  11.26 
6/3 23:45 10.71 10.79 10.96 11.12 11.02  11.03 
6/4 0:45 10.48 10.57 10.68 10.84 10.91  10.76 
6/4 1:45 10.21 10.29 10.46 10.73 10.80  10.53 
6/4 2:45 9.93 10.01 10.18 10.51 10.52  10.26 
6/4 3:45 9.71 9.79 9.96 10.34 10.41  10.03 
6/4 4:45 9.59 9.51 9.68 10.12 10.30  9.75 
6/4 5:45 9.32 9.40 9.57 10.01 10.02  9.64 
6/4 6:45 9.09 9.18 9.29 9.73 9.91  9.36 
6/4 7:45 8.98 9.07 9.07 9.62 9.64  9.14 
6/4 8:45 9.09 9.18 9.07 9.45 9.52  9.14 
6/4 9:45 9.43 9.51 9.18 9.34 9.52  9.25 
6/4 10:45 10.09 10.01 9.57 9.45 9.64  9.63 
6/4 11:45 10.71 10.68 10.07 9.73 9.75  10.13 
6/4 12:45 11.48 11.40 10.68 10.01 10.14  10.74 
6/4 13:45 12.09 12.18 11.41 10.51 10.52  11.47 
6/4 14:45 12.98 13.07 12.18 11.01 10.91  12.24 
6/4 15:45 13.59 13.57 12.79 11.45 11.41  12.86 
6/4 16:45 13.98 14.07 13.29 12.12 11.91  13.36 
6/4 17:45 13.82 13.90 13.57 12.51 12.25  13.64 
6/4 18:45 13.59 13.68 13.46 12.62 12.52  13.54 
6/4 19:45 13.32 13.40 13.29 12.73 12.64  13.37 
6/4 20:45 12.98 12.90 13.07 12.73 12.64  13.15 
6/4 21:45 12.32 12.40 12.57 12.62 12.52  12.66 
6/4 22:45 11.93 11.90 12.18 12.34 12.41  12.27 
6/4 23:45 11.48 11.57 11.79 12.12 12.14  11.88 
6/5 0:45 11.09 11.18 11.41 11.84 11.91  11.49 
6/5 1:45 10.71 10.79 11.07 11.62 11.64  11.15 
6/5 2:45 10.32 10.29 10.68 11.34 11.41  10.76 
6/5 3:45 9.93 9.90 10.29 11.01 11.14  10.37 
6/5 4:45 9.59 9.68 9.96 10.73 10.91  10.04 
6/5 5:45 9.32 9.40 9.68 10.51 10.64  9.76 
6/5 6:45 9.21 9.18 9.41 10.23 10.41  9.48 
6/5 7:45 9.09 9.07 9.18 10.01 10.14  9.25 
6/5 8:45 9.09 9.18 9.18 9.73 9.91  9.25 
6/5 9:45 9.43 9.51 9.29 9.62 9.91  9.36 
6/5 10:45 9.82 9.90 9.57 9.62 9.91  9.64 
6/5 11:45 10.32 10.40 9.79 9.73 9.91  9.86 
6/5 12:45 10.71 10.68 10.18 10.01 10.14  10.25 
6/5 13:45 10.82 10.79 10.46 10.12 10.30  10.53 
6/5 14:45 11.59 11.68 10.79 10.34 10.41  10.86 
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 i-1  i  i+1  Tin+1 
Depth (ft) River Bed 0.75 ft Below Bed 
1.5 ft  
Below Bed 
2.25 ft 
Below Bed 
3 ft  
Below Bed  
Curve 
Match 
Time (n)        
6/5 15:45 11.82 11.90 11.41 10.62 10.80  11.47 
6/5 16:45 12.09 12.01 11.68 11.01 11.02  11.75 
6/5 17:45 12.09 12.18 11.79 11.12 11.30  11.86 
6/5 18:45 12.09 12.18 11.79 11.34 11.41  11.87 
6/5 19:45 11.82 11.90 11.79 11.45 11.52  11.87 
6/5 20:45 11.32 11.40 11.41 11.34 11.41  11.48 
6/5 21:45 10.98 11.07 11.18 11.23 11.41  11.26 
6/5 22:45 10.82 10.79 10.96 11.12 11.14  11.04 
6/5 23:45 10.59 10.68 10.68 11.01 11.02  10.76 
6/6 0:45 10.48 10.40 10.57 10.84 10.91  10.65 
6/6 1:45 10.21 10.18 10.29 10.73 10.80  10.37 
6/6 2:45 9.82 9.90 10.07 10.51 10.64  10.15 
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Stream Bed Temperature Analysis – Lapham, 1989 – SG5 
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1steptimeatnodeateTemperaturWhere 1 +=+ niT ni  (°C)  
 niT ni steptimeat1nodeateTemperatur1 −=−  (°C) 
 niT ni steptimeat1nodeateTemperatur1 +=+  (°C) 
 ∆t = Time increment between time steps (s) 
 ∆z = Spacing between nodes (cm) 
 k = Thermal conductivity of saturated material (cal s-1 cm-1 °C)  
 cw = Volumetric heat capacity of water (cal cm-3 °C) 
 ρw = Density of water (g cm-3) 
 vz = Groundwater velocity (cm s-1) 
 
Thermal Conductivity (k) = 0.00576 cal/cm-s-°C   
Time increments (∆t ) = 3600    
Wet-Bulk Density (ρ) = 1.5 g/cm3   
Volumetric Heat Capacity (c) = 0.9998 cm3/oC   
Vertical Spacing (∆z) = 65 cm   
Density of Fluid (ρw) = 0.9997 g/cm^3   
Volumetric Heat Capacity of Fluid (cw) = 0.9997 ρw * spec. heat of water 
    
∆h = -0.155 v = -0.00014 cm/s 
∆l = 1.62   
Vertical Hydraulic Gradient (ft) = -0.096 v = -0.118 m/day 
    
K (m/d) = 1.23   
K (ft/d) = 4.04    
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 i-1  i  i+1  Tin+1 
Depth (ft) River Bed 
0.75 ft 
Below Bed 
1.5 ft Below 
Bed 
2.25 ft 
Below Bed 
3 ft Below 
Bed  
Curve 
Match 
Time (n)        
6/1 17:51 11.00 11.28 10.28 9.11 7.11  10.35 
6/1 18:51 10.78 11.11 10.28 9.22 7.11  10.35 
6/1 19:51 10.39 10.89 10.11 9.22 7.11  10.18 
6/1 20:51 9.89 10.39 10.00 9.22 7.11  10.06 
6/1 21:51 9.39 10.00 9.89 9.22 7.22  9.95 
6/1 22:51 8.89 9.50 9.61 9.11 7.22  9.67 
6/1 23:51 8.50 9.22 9.50 9.11 7.22  9.55 
6/2 0:51 8.28 8.89 9.22 9.00 7.39  9.28 
6/2 1:51 7.89 8.61 9.11 8.89 7.39  9.16 
6/2 2:51 7.50 8.28 8.89 8.89 7.50  8.94 
6/2 3:51 7.11 8.00 8.78 8.78 7.50  8.82 
6/2 4:51 6.89 7.61 8.50 8.61 7.50  8.55 
6/2 5:51 6.61 7.39 8.39 8.50 7.61  8.43 
6/2 6:51 6.39 7.11 8.11 8.39 7.61  8.15 
6/2 7:51 6.39 7.00 8.00 8.28 7.78  8.04 
6/2 8:51 6.50 7.11 8.00 8.28 7.78  8.04 
6/2 9:51 6.89 7.22 8.00 8.28 7.78  8.05 
6/2 10:51 7.39 7.78 8.11 8.28 7.78  8.16 
6/2 11:51 8.00 8.28 8.39 8.39 7.78  8.44 
6/2 12:51 8.89 8.89 8.61 8.50 7.78  8.67 
6/2 13:51 9.61 9.61 9.00 8.61 7.78  9.06 
6/2 14:51 10.39 10.28 9.39 8.89 7.78  9.45 
6/2 15:51 10.89 10.89 9.72 9.00 7.78  9.79 
6/2 16:51 11.11 11.11 10.00 9.22 7.78  10.07 
6/2 17:51 11.11 11.28 10.28 9.39 7.78  10.35 
6/2 18:51 11.00 11.28 10.50 9.61 7.78  10.57 
6/2 19:51 10.89 11.28 10.61 9.72 7.78  10.68 
6/2 20:51 10.61 11.00 10.61 9.72 7.78  10.68 
6/2 21:51 10.11 10.78 10.50 9.72 7.89  10.56 
6/2 22:51 9.89 10.39 10.39 9.72 7.89  10.45 
6/2 23:51 9.50 10.11 10.39 9.72 7.89  10.45 
6/3 0:51 9.11 9.89 10.28 9.72 8.00  10.34 
6/3 1:51 8.78 9.50 10.00 9.72 8.11  10.06 
6/3 2:51 8.39 9.22 9.89 9.61 8.11  9.94 
6/3 3:51 8.00 8.89 9.61 9.50 8.28  9.66 
6/3 4:51 7.78 8.61 9.39 9.50 8.39  9.44 
6/3 5:51 7.50 8.39 9.22 9.39 8.39  9.27 
6/3 6:51 7.22 8.00 9.00 9.22 8.50  9.05 
6/3 7:51 7.11 7.89 8.89 9.11 8.50  8.94 
6/3 8:51 7.22 7.89 8.89 9.11 8.50  8.94 
6/3 9:51 7.50 8.00 8.89 9.00 8.61  8.94 
6/3 10:51 8.11 8.39 8.89 9.00 8.61  8.94 
6/3 11:51 8.61 8.89 9.11 9.11 8.61  9.17 
6/3 12:51 9.39 9.22 9.22 9.22 8.61  9.28 
6/3 13:51 10.00 9.89 9.61 9.39 8.61  9.68 
6/3 14:51 10.61 10.39 9.89 9.50 8.50  9.96 
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 i-1  i  i+1  Tin+1 
Depth (ft) River Bed 
0.75 ft 
Below Bed 
1.5 ft Below 
Bed 
2.25 ft 
Below Bed 
3 ft Below 
Bed  
Curve 
Match 
Time (n)        
6/3 15:51 11.50 11.00 10.28 9.61 8.50  10.35 
6/3 16:51 11.50 11.39 10.61 9.89 8.50  10.68 
6/3 17:51 11.50 11.50 10.78 10.00 8.50  10.85 
6/3 18:51 11.61 11.61 10.89 10.11 8.50  10.96 
6/3 19:51 11.50 11.61 11.00 10.11 8.50  11.07 
6/3 20:51 11.11 11.50 11.00 10.28 8.50  11.07 
6/3 21:51 10.78 11.28 11.00 10.28 8.50  11.07 
6/3 22:51 10.39 11.00 10.89 10.28 8.50  10.96 
6/3 23:51 10.11 10.78 10.89 10.28 8.61  10.95 
6/4 0:51 9.89 10.50 10.78 10.28 8.61  10.84 
6/4 1:51 9.50 10.28 10.78 10.28 8.78  10.84 
6/4 2:51 9.39 10.11 10.61 10.28 8.78  10.67 
6/4 3:51 9.11 9.89 10.50 10.28 8.89  10.56 
6/4 4:51 8.89 9.72 10.39 10.28 9.00  10.45 
6/4 5:51 8.78 9.50 10.28 10.11 9.00  10.34 
6/4 6:51 8.50 9.39 10.11 10.11 9.11  10.17 
6/4 7:51 8.39 9.11 10.00 10.00 9.11  10.06 
6/4 8:51 8.50 9.11 9.89 10.00 9.11  9.94 
6/4 9:51 8.89 9.22 9.89 9.89 9.22  9.95 
6/4 10:51 9.39 9.50 10.00 10.00 9.22  10.06 
6/4 11:51 10.00 10.00 10.11 10.00 9.22  10.18 
6/4 12:51 10.78 10.50 10.39 10.11 9.22  10.46 
6/4 13:51 11.50 11.11 10.78 10.28 9.22  10.85 
6/4 14:51 12.22 11.72 11.11 10.50 9.22  11.19 
6/4 15:51 12.89 12.22 11.39 10.61 9.22  11.47 
6/4 16:51 13.28 12.78 11.72 10.89 9.11  11.81 
6/4 17:51 13.28 13.00 12.00 11.00 9.11  12.08 
6/4 18:51 13.00 12.89 12.11 11.11 9.11  12.19 
6/4 19:51 12.61 12.78 12.11 11.28 9.22  12.19 
6/4 20:51 12.22 12.61 12.22 11.28 9.22  12.30 
6/4 21:51 11.72 12.22 12.11 11.28 9.22  12.19 
6/4 22:51 11.28 11.89 12.00 11.28 9.22  12.07 
6/4 23:51 10.89 11.61 11.89 11.28 9.39  11.96 
6/5 0:51 10.50 11.39 11.72 11.28 9.39  11.79 
6/5 1:51 10.11 11.00 11.61 11.11 9.50  11.68 
6/5 2:51 9.61 10.78 11.39 11.11 9.61  11.45 
6/5 3:51 9.22 10.39 11.28 11.00 9.61  11.34 
6/5 4:51 9.00 10.11 11.11 11.00 9.72  11.17 
6/5 5:51 8.78 9.89 10.89 10.89 9.72  10.95 
6/5 6:51 8.50 9.61 10.78 10.89 9.89  10.83 
6/5 7:51 8.39 9.50 10.50 10.78 9.89  10.56 
6/5 8:51 8.50 9.39 10.39 10.61 9.89  10.45 
6/5 9:51 8.89 9.50 10.39 10.50 9.89  10.45 
6/5 10:51 9.22 9.61 10.39 10.50 9.89  10.45 
6/5 11:51 9.72 9.89 10.39 10.50 9.89  10.45 
6/5 12:51 10.00 10.11 10.50 10.50 9.89  10.57 
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 i-1  i  i+1  Tin+1 
Depth (ft) River Bed 
0.75 ft 
Below Bed 
1.5 ft Below 
Bed 
2.25 ft 
Below Bed 
3 ft Below 
Bed  
Curve 
Match 
Time (n)        
6/5 13:51 10.11 10.39 10.61 10.50 9.89  10.68 
6/5 14:51 10.89 10.78 10.78 10.61 9.89  10.85 
6/5 15:51 11.28 11.11 11.00 10.61 9.89  11.07 
6/5 16:51 11.50 11.39 11.11 10.78 9.89  11.19 
6/5 17:51 11.50 11.50 11.39 10.89 9.89  11.46 
6/5 18:51 11.39 11.50 11.39 10.89 9.89  11.46 
6/5 19:51 11.28 11.50 11.39 11.00 9.89  11.46 
6/5 20:51 10.78 11.39 11.39 11.00 9.89  11.46 
6/5 21:51 10.39 11.00 11.39 11.00 10.00  11.46 
6/5 22:51 10.11 10.89 11.28 11.00 10.00  11.34 
6/5 23:51 10.00 10.78 11.28 11.00 10.00  11.34 
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Stream Bed Temperature Analysis – Lapham, 1989 – SG6 
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1steptimeatnodeateTemperaturWhere 1 +=+ niT ni  (°C)  
 niT ni steptimeat1nodeateTemperatur1 −=−  (°C) 
 niT ni steptimeat1nodeateTemperatur1 +=+  (°C) 
 ∆t = Time increment between time steps (s) 
 ∆z = Spacing between nodes (cm) 
 k = Thermal conductivity of saturated material (cal s-1 cm-1 °C)  
 cw = Volumetric heat capacity of water (cal cm-3 °C) 
 ρw = Density of water (g cm-3) 
 vz = Groundwater velocity (cm s-1) 
 
Thermal Conductivity (k) = 0.00576 cal/cm-s-°C   
Time increments (∆t ) = 3600    
Wet-Bulk Density (ρ) = 1.5 g/cm3   
Volumetric Heat Capacity (c) = 0.9998 cm3/oC   
Vertical Spacing (∆z) = 65 cm   
Density of Fluid (ρw) = 0.9997 g/cm^3   
Volumetric Heat Capacity of Fluid (cw) = 0.9997 ρw * spec. heat of water 
    
∆h = 0.18 v = 0.0003 cm/s 
∆l = 1.73   
Vertical Hydraulic Gradient (ft) = 0.1040 v = 0.2983 m/day 
    
K (m/d) = 2.87   
K (ft/d) = 9.41    
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 i-1  i  i+1  Tin+1 
Depth (ft) River Bed 0.75 ft Below Bed 
1.5 ft  
Below Bed 
2.25 ft 
Below Bed 
3 ft  
Below Bed  
Curve 
Match 
Time (n)        
6/1 17:00 11.50 11.39 9.89 8.11 7.00  9.92 
6/1 18:00 11.61 11.72 10.50 8.11 6.89  10.53 
6/1 19:00 11.39 11.72 10.78 8.11 6.89  10.81 
6/1 20:00 10.89 11.28 10.50 8.11 6.89  10.53 
6/1 21:00 10.39 10.89 10.28 8.11 6.89  10.31 
6/1 22:00 9.89 10.39 9.89 8.00 7.00  9.93 
6/1 23:00 9.50 10.00 9.50 8.00 7.00  9.54 
6/2 0:00 9.11 9.50 9.22 7.89 6.89  9.26 
6/2 1:00 8.78 9.22 8.89 7.89 7.00  8.93 
6/2 2:00 8.39 8.89 8.61 7.78 7.00  8.65 
6/2 3:00 8.00 8.50 8.39 7.78 6.89  8.43 
6/2 4:00 7.78 8.28 8.11 7.61 6.89  8.15 
6/2 5:00 7.39 7.89 7.78 7.61 6.89  7.82 
6/2 6:00 7.11 7.61 7.50 7.50 6.89  7.54 
6/2 7:00 7.00 7.39 7.39 7.50 6.89  7.43 
6/2 8:00 7.00 7.39 7.22 7.50 6.89  7.27 
6/2 9:00 7.11 7.39 7.22 7.39 6.89  7.27 
6/2 10:00 7.50 7.78 7.22 7.39 6.89  7.27 
6/2 11:00 8.11 8.11 7.50 7.39 6.89  7.54 
6/2 12:00 8.89 8.78 7.89 7.39 6.89  7.93 
6/2 13:00 9.72 9.50 8.39 7.50 6.89  8.43 
6/2 14:00 10.50 10.28 8.89 7.50 6.89  8.92 
6/2 15:00 11.28 11.00 9.39 7.50 6.89  9.42 
6/2 16:00 11.61 11.61 9.89 7.50 6.89  9.92 
6/2 17:00 11.72 11.72 10.11 7.50 6.89  10.14 
6/2 18:00 11.72 11.89 10.28 7.50 6.89  10.31 
6/2 19:00 11.72 11.89 10.28 7.50 6.89  10.31 
6/2 20:00 11.50 11.72 10.39 7.61 6.89  10.42 
6/2 21:00 11.11 11.50 10.28 7.61 6.89  10.31 
6/2 22:00 10.78 11.11 10.00 7.61 6.89  10.03 
6/2 23:00 10.39 10.89 9.72 7.61 6.89  9.76 
6/3 0:00 10.11 10.50 9.61 7.50 6.89  9.65 
6/3 1:00 9.72 10.28 9.39 7.50 6.89  9.43 
6/3 2:00 9.39 9.89 9.11 7.50 6.89  9.15 
6/3 3:00 9.00 9.50 8.89 7.50 6.89  8.93 
6/3 4:00 8.61 9.11 8.61 7.50 6.89  8.65 
6/3 5:00 8.28 8.89 8.50 7.50 6.89  8.54 
6/3 6:00 8.00 8.61 8.28 7.50 6.89  8.32 
6/3 7:00 7.78 8.39 8.00 7.50 6.89  8.04 
6/3 8:00 7.78 8.11 7.89 7.50 6.89  7.93 
6/3 9:00 7.89 8.11 7.78 7.50 6.89  7.82 
6/3 10:00 8.28 8.39 7.78 7.50 6.89  7.82 
6/3 11:00 8.89 8.78 7.89 7.39 6.89  7.93 
6/3 12:00 9.39 9.22 8.11 7.39 6.89  8.15 
6/3 13:00 10.28 9.72 8.39 7.39 6.89  8.42 
6/3 14:00 10.89 10.39 8.78 7.39 6.89  8.81 
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 i-1  i  i+1  Tin+1 
Depth (ft) River Bed 0.75 ft Below Bed 
1.5 ft  
Below Bed 
2.25 ft 
Below Bed 
3 ft  
Below Bed  
Curve 
Match 
Time (n)        
6/3 15:00 11.50 11.00 9.11 7.50 6.89  9.14 
6/3 16:00 12.22 11.72 9.50 7.50 6.89  9.53 
6/3 17:00 12.39 12.00 9.72 7.50 6.89  9.75 
6/3 18:00 12.22 12.11 10.00 7.50 6.89  10.03 
6/3 19:00 12.22 12.11 10.00 7.50 6.89  10.03 
6/3 20:00 12.11 12.11 10.11 7.50 6.89  10.14 
6/3 21:00 11.61 11.89 10.11 7.50 6.89  10.14 
6/3 22:00 11.28 11.61 10.00 7.50 6.89  10.03 
6/3 23:00 10.89 11.28 9.72 7.50 6.89  9.75 
6/4 0:00 10.61 11.00 9.61 7.50 6.89  9.64 
6/4 1:00 10.39 10.78 9.39 7.50 6.89  9.42 
6/4 2:00 10.11 10.50 9.22 7.50 6.89  9.26 
6/4 3:00 9.89 10.28 9.11 7.50 6.89  9.15 
6/4 4:00 9.72 10.00 9.00 7.50 6.89  9.04 
6/4 5:00 9.50 9.89 8.89 7.50 6.89  8.93 
6/4 6:00 9.22 9.61 8.78 7.50 6.89  8.82 
6/4 7:00 9.11 9.50 8.61 7.50 6.89  8.65 
6/4 8:00 9.00 9.22 8.50 7.50 6.89  8.54 
6/4 9:00 9.22 9.22 8.39 7.50 6.89  8.43 
6/4 10:00 9.61 9.39 8.39 7.50 6.89  8.43 
6/4 11:00 10.28 9.72 8.50 7.50 6.89  8.53 
6/4 12:00 10.89 10.28 8.61 7.50 6.72  8.64 
6/4 13:00 11.72 10.89 8.89 7.50 6.89  8.92 
6/4 14:00 12.39 11.50 9.11 7.50 6.89  9.14 
6/4 15:00 13.28 12.11 9.50 7.50 6.72  9.52 
6/4 16:00 13.78 12.78 9.89 7.50 6.89  9.91 
6/4 17:00 14.11 13.28 10.00 7.50 6.89  10.02 
6/4 18:00 14.00 13.50 10.28 7.50 6.89  10.30 
6/4 19:00 13.61 13.39 10.28 7.50 6.89  10.30 
6/4 20:00 13.28 13.11 10.28 7.50 6.72  10.30 
6/4 21:00 12.89 12.89 10.11 7.50 6.89  10.14 
6/4 22:00 12.22 12.50 10.11 7.50 6.89  10.14 
6/4 23:00 11.72 12.11 10.11 7.50 6.89  10.14 
6/5 0:00 11.39 11.72 10.11 7.50 6.89  10.14 
6/5 1:00 11.00 11.39 10.00 7.50 6.89  10.03 
6/5 2:00 10.61 11.11 9.72 7.50 6.89  9.76 
6/5 3:00 10.28 10.78 9.61 7.50 6.89  9.65 
6/5 4:00 9.89 10.39 9.39 7.50 6.89  9.42 
6/5 5:00 9.50 10.00 9.11 7.50 6.89  9.15 
6/5 6:00 9.22 9.72 8.89 7.50 6.89  8.93 
6/5 7:00 9.11 9.50 8.78 7.50 6.89  8.82 
6/5 8:00 9.00 9.39 8.50 7.50 6.89  8.54 
6/5 9:00 9.22 9.22 8.39 7.50 6.72  8.43 
6/5 10:00 9.61 9.39 8.39 7.50 6.72  8.42 
6/5 11:00 10.00 9.72 8.50 7.50 6.89  8.54 
6/5 12:00 10.61 10.11 8.61 7.50 6.72  8.64 
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 i-1  i  i+1  Tin+1 
Depth (ft) River Bed 0.75 ft Below Bed 
1.5 ft  
Below Bed 
2.25 ft 
Below Bed 
3 ft  
Below Bed  
Curve 
Match 
Time (n)        
6/5 13:00 10.78 10.39 8.78 7.50 6.72  8.81 
6/5 14:00 10.89 10.50 8.89 7.50 6.89  8.92 
6/5 15:00 11.89 10.89 8.89 7.50 6.72  8.92 
6/5 16:00 12.11 11.39 9.00 7.50 6.72  9.03 
6/5 17:00 12.22 11.50 9.22 7.50 6.72  9.25 
6/5 18:00 12.22 11.72 9.39 7.50 6.89  9.42 
6/5 19:00 12.00 11.72 9.50 7.50 6.89  9.53 
6/5 20:00 11.72 11.61 9.39 7.50 6.72  9.42 
6/5 21:00 11.28 11.39 9.39 7.50 6.72  9.42 
6/5 22:00 11.00 11.00 9.22 7.50 6.72  9.25 
6/5 23:00 10.78 10.89 9.22 7.50 6.72  9.25 
6/6 0:00 10.50 10.61 9.11 7.50 6.72  9.14 
6/6 1:00 10.39 10.50 9.00 7.50 6.72  9.03 
6/6 2:00 10.11 10.39 9.00 7.50 6.89  9.04 
6/6 3:00 9.89 10.00 8.78 7.50 6.89  8.81 
6/6 4:00 9.61 9.89 8.61 7.50 6.89  8.65 
6/6 5:00 9.39 9.61 8.39 7.50 6.89  8.43 
6/6 6:00 9.11 9.39 8.11 7.50 6.72  8.15 
6/6 7:00 8.89 9.00 8.00 7.50 6.89  8.04 
6/6 8:00 8.78 8.50 7.61 7.50 6.89  7.65 
6/6 9:00 8.61 8.39 7.50 7.39 6.89  7.54 
6/6 10:00 8.61 8.28 7.39 7.39 6.72  7.43 
6/6 11:00 8.61 8.11 7.39 7.39 6.72  7.43 
6/6 12:00 8.50 8.00 7.39 7.39 6.72  7.43 
6/6 13:00 8.89 8.11 7.39 7.39 6.72  7.43 
6/6 14:00 8.78 8.11 7.39 7.39 6.72  7.43 
6/6 15:00 8.78 8.00 7.39 7.39 6.72  7.43 
6/6 16:00 9.11 8.00 7.22 7.39 6.72  7.26 
6/6 17:00 9.22 8.00 7.22 7.39 6.72  7.26 
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Stream Bed Temperature Analysis – Lapham, 1989 – SG8 
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1steptimeatnodeateTemperaturWhere 1 +=+ niT ni  (°C)  
 niT ni steptimeat1nodeateTemperatur1 −=−  (°C) 
 niT ni steptimeat1nodeateTemperatur1 +=+  (°C) 
 ∆t = Time increment between time steps (s) 
 ∆z = Spacing between nodes (cm) 
 k = Thermal conductivity of saturated material (cal s-1 cm-1 °C)  
 cw = Volumetric heat capacity of water (cal cm-3 °C) 
 ρw = Density of water (g cm-3) 
 vz = Groundwater velocity (cm s-1) 
 
Thermal Conductivity (k) = 0.00576 cal/cm-s-°C   
Time increments (∆t ) = 3600    
Wet-Bulk Density (ρ) = 1.5 g/cm3   
Volumetric Heat Capacity (c) = 0.9998 cm3/oC   
Vertical Spacing (∆z) = 65 cm   
Density of Fluid (ρw) = 0.9997 g/cm^3   
Volumetric Heat Capacity of Fluid (cw) = 0.9997 ρw * spec. heat of water 
    
∆h = 0.04 v = 0.0016 cm/s 
∆l = 1.69   
Vertical Hydraulic Gradient (ft) = 0.0237 v = 1.346 m/day 
    
K (m/d) = 56.86   
K (ft/d) = 186.54    
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 i-1 i i+1  Tin+1 
Depth (ft) River Bed 1.5 ft  Below Bed 
3 ft  
Below Bed  
Curve 
Match 
Time (n)      
6/1 15:43 11.28 11.39 10.50  11.44 
6/1 16:43 11.61 11.72 10.89  11.78 
6/1 17:43 11.89 12.11 11.39  12.17 
6/1 18:43 11.72 12.00 11.39  12.07 
6/1 19:43 11.28 11.61 11.11  11.68 
6/1 20:43 10.78 11.11 10.61  11.18 
6/1 21:43 10.28 10.61 10.28  10.68 
6/1 22:43 9.72 10.11 9.72  10.17 
6/1 23:43 9.39 9.72 9.39  9.78 
6/2 0:43 9.00 9.39 9.00  9.45 
6/2 1:43 8.61 9.11 8.78  9.17 
6/2 2:43 8.39 8.78 8.39  8.83 
6/2 3:43 8.00 8.39 8.00  8.44 
6/2 4:43 7.61 8.11 7.78  8.17 
6/2 5:43 7.39 7.78 7.50  7.83 
6/2 6:43 7.11 7.61 7.22  7.66 
6/2 7:43 7.11 7.50 7.11  7.55 
6/2 8:43 7.22 7.61 7.11  7.65 
6/2 9:43 7.61 7.89 7.39  7.93 
6/2 10:43 8.28 8.50 7.78  8.54 
6/2 11:43 9.00 9.11 8.39  9.15 
6/2 12:43 9.89 10.00 9.00  10.04 
6/2 13:43 10.61 10.78 9.72  10.82 
6/2 14:43 11.39 11.50 10.50  11.55 
6/2 15:43 11.89 12.11 11.11  12.16 
6/2 16:43 12.00 12.22 11.39  12.28 
6/2 17:43 12.00 12.22 11.50  12.28 
6/2 18:43 11.89 12.11 11.50  12.18 
6/2 19:43 11.89 12.11 11.50  12.18 
6/2 20:43 11.39 11.72 11.28  11.79 
6/2 21:43 11.00 11.39 11.00  11.46 
6/2 22:43 10.61 11.00 10.61  11.07 
6/2 23:43 10.39 10.78 10.39  10.85 
6/3 0:43 10.00 10.39 10.00  10.45 
6/3 1:43 9.61 10.00 9.61  10.06 
6/3 2:43 9.22 9.61 9.22  9.67 
6/3 3:43 8.89 9.22 9.00  9.28 
6/3 4:43 8.50 9.00 8.61  9.06 
6/3 5:43 8.28 8.61 8.39  8.67 
6/3 6:43 8.00 8.39 8.11  8.44 
6/3 7:43 7.89 8.28 7.89  8.33 
6/3 8:43 8.00 8.39 7.89  8.44 
6/3 9:43 8.39 8.61 8.00  8.65 
6/3 10:43 9.00 9.11 8.50  9.15 
6/3 11:43 9.61 9.72 9.00  9.77 
6/3 12:43 10.39 10.39 9.50  10.43 
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 i-1 i i+1  Tin+1 
Depth (ft) River Bed 1.5 ft  Below Bed 
3 ft  
Below Bed  
Curve 
Match 
Time (n)      
6/3 13:43 11.00 11.11 10.28  11.16 
6/3 14:43 11.61 11.72 10.78  11.77 
6/3 15:43 12.50 12.50 11.50  12.55 
6/3 16:43 12.50 12.78 11.89  12.84 
6/3 17:43 12.50 12.78 12.00  12.84 
6/3 18:43 12.50 12.78 12.00  12.84 
6/3 19:43 12.39 12.78 12.11  12.85 
6/3 20:43 12.00 12.39 11.89  12.46 
6/3 21:43 11.61 12.00 11.50  12.07 
6/3 22:43 11.28 11.61 11.11  11.68 
6/3 23:43 10.89 11.28 10.89  11.35 
6/4 0:43 10.61 11.00 10.61  11.07 
6/4 1:43 10.39 10.78 10.39  10.85 
6/4 2:43 10.11 10.50 10.11  10.57 
6/4 3:43 10.00 10.39 10.00  10.45 
6/4 4:43 9.72 10.11 9.72  10.17 
6/4 5:43 9.50 9.89 9.50  9.95 
6/4 6:43 9.22 9.72 9.39  9.79 
6/4 7:43 9.22 9.50 9.11  9.56 
6/4 8:43 9.22 9.61 9.11  9.67 
6/4 9:43 9.72 9.89 9.22  9.94 
6/4 10:43 10.39 10.50 9.72  10.55 
6/4 11:43 11.11 11.28 10.39  11.33 
6/4 12:43 11.89 11.89 11.00  11.94 
6/4 13:43 12.61 12.61 11.61  12.66 
6/4 14:43 13.39 13.39 12.22  13.44 
6/4 15:43 14.00 14.00 13.00  14.06 
6/4 16:43 14.39 14.39 13.50  14.45 
6/4 17:43 14.39 14.61 13.78  14.69 
6/4 18:43 14.00 14.22 13.61  14.30 
6/4 19:43 13.61 13.89 13.39  13.97 
6/4 20:43 13.11 13.50 13.00  13.58 
6/4 21:43 12.61 13.00 12.61  13.08 
6/4 22:43 12.11 12.50 12.11  12.58 
6/4 23:43 11.72 12.11 11.72  12.19 
6/5 0:43 11.39 11.72 11.39  11.80 
6/5 1:43 10.89 11.39 11.11  11.47 
6/5 2:43 10.50 11.00 10.78  11.08 
6/5 3:43 10.11 10.50 10.39  10.58 
6/5 4:43 9.72 10.28 10.00  10.35 
6/5 5:43 9.50 9.89 9.72  9.96 
6/5 6:43 9.22 9.72 9.50  9.79 
6/5 7:43 9.22 9.61 9.22  9.67 
6/5 8:43 9.39 9.61 9.22  9.67 
6/5 9:43 9.72 10.00 9.39  10.05 
6/5 10:43 10.11 10.39 9.61  10.44 
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 i-1 i i+1  Tin+1 
Depth (ft) River Bed 1.5 ft  Below Bed 
3 ft  
Below Bed  
Curve 
Match 
Time (n)      
6/5 11:43 10.78 10.89 10.11  10.94 
6/5 12:43 11.00 11.28 10.39  11.33 
6/5 13:43 11.11 11.28 10.50  11.33 
6/5 14:43 11.89 11.89 10.89  11.93 
6/5 15:43 12.22 12.61 11.61  12.67 
6/5 16:43 12.50 12.61 11.72  12.67 
6/5 17:43 12.61 12.89 12.00  12.95 
6/5 18:43 12.22 12.61 12.00  12.68 
6/5 19:43 12.11 12.39 11.72  12.46 
6/5 20:43 11.61 12.00 11.61  12.08 
6/5 21:43 11.28 11.61 11.28  11.68 
6/5 22:43 11.00 11.39 10.89  11.46 
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Stream Bed Temperature Analysis – Lapham, 1989 – SG9 
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1steptimeatnodeateTemperaturWhere 1 +=+ niT ni  (°C)  
 niT ni steptimeat1nodeateTemperatur1 −=−  (°C) 
 niT ni steptimeat1nodeateTemperatur1 +=+  (°C) 
 ∆t = Time increment between time steps (s) 
 ∆z = Spacing between nodes (cm) 
 k = Thermal conductivity of saturated material (cal s-1 cm-1 °C)  
 cw = Volumetric heat capacity of water (cal cm-3 °C) 
 ρw = Density of water (g cm-3) 
 vz = Groundwater velocity (cm s-1) 
 
Thermal Conductivity (k) = 0.00576 cal/cm-s-°C   
Time increments (∆t ) = 3600    
Wet-Bulk Density (ρ) = 1.5 g/cm3   
Volumetric Heat Capacity (c) = 0.9998 cm3/oC   
Vertical Spacing (∆z) = 65 cm   
Density of Fluid (ρw) = 0.9997 g/cm^3   
Volumetric Heat Capacity of Fluid (cw) = 0.9997 ρw * spec. heat of water 
    
∆h = 0.17 v = -0.0006 cm/s 
∆l = 1.63   
Vertical Hydraulic Gradient (ft) = 0.1043 v = -0.5217 m/day 
    
K (m/d) = -5.00   
K (ft/d) = -16.41    
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 i-1  i  i+1  Tin+1 
Depth (ft) River Bed 
0.75 ft 
Below Bed 
1.5 ft  
Below Bed 
2.25 ft 
Below Bed 
3 ft  
Below Bed  
Curve 
Match 
Time (n)        
6/1 15:28 11.00 10.11 8.61 9.22 9.61  8.69 
6/1 16:28 11.39 10.89 8.78 9.22 9.61  8.87 
6/1 17:28 11.72 10.78 9.00 9.22 9.61  9.09 
6/1 18:28 11.61 11.00 9.11 9.39 9.61  9.20 
6/1 19:28 11.39 9.89 9.22 9.50 9.61  9.31 
6/1 20:28 10.78 9.89 9.39 9.50 9.61  9.47 
6/1 21:28 10.28 9.72 9.50 9.61 9.61  9.57 
6/1 22:28 9.89 9.72 9.50 9.61 9.61  9.57 
6/1 23:28 9.39 9.72 9.50 9.72 9.61  9.56 
6/2 0:28 9.11 9.61 9.50 9.72 9.61  9.56 
6/2 1:28 8.78 9.50 9.50 9.72 9.72  9.55 
6/2 2:28 8.39 9.39 9.50 9.72 9.72  9.54 
6/2 3:28 8.11 9.22 9.39 9.72 9.72  9.43 
6/2 4:28 7.78 9.11 9.22 9.72 9.72  9.26 
6/2 5:28 7.50 9.00 9.22 9.72 9.72  9.25 
6/2 6:28 7.22 8.50 9.11 9.72 9.72  9.14 
6/2 7:28 7.22 8.11 9.00 9.61 9.72  9.03 
6/2 8:28 7.22 7.89 8.89 9.61 9.72  8.92 
6/2 9:28 7.61 8.11 8.89 9.61 9.72  8.92 
6/2 10:28 8.11 8.28 8.78 9.50 9.72  8.82 
6/2 11:28 8.89 8.61 8.78 9.50 9.72  8.83 
6/2 12:28 9.61 9.00 8.61 9.39 9.72  8.67 
6/2 13:28 10.39 9.72 8.78 9.39 9.72  8.85 
6/2 14:28 11.11 10.28 8.78 9.39 9.72  8.86 
6/2 15:28 11.72 10.89 8.89 9.39 9.72  8.98 
6/2 16:28 11.89 11.00 9.00 9.39 9.72  9.09 
6/2 17:28 11.89 11.28 9.11 9.50 9.61  9.21 
6/2 18:28 11.72 11.28 9.22 9.50 9.61  9.32 
6/2 19:28 11.72 11.28 9.39 9.50 9.61  9.48 
6/2 20:28 11.39 11.11 9.50 9.61 9.72  9.59 
6/2 21:28 11.00 10.89 9.61 9.61 9.72  9.69 
6/2 22:28 10.61 10.50 9.61 9.72 9.72  9.69 
6/2 23:28 10.39 10.28 9.61 9.72 9.72  9.68 
6/3 0:28 10.00 10.00 9.61 9.89 9.72  9.68 
6/3 1:28 9.61 9.72 9.61 9.89 9.72  9.67 
6/3 2:28 9.22 9.50 9.61 9.89 9.72  9.67 
6/3 3:28 9.00 9.11 9.61 9.89 9.72  9.66 
6/3 4:28 8.61 8.89 9.50 9.89 9.72  9.55 
6/3 5:28 8.39 8.61 9.50 9.89 9.89  9.54 
6/3 6:28 8.11 8.39 9.39 9.89 9.89  9.43 
6/3 7:28 7.89 8.28 9.22 9.72 9.89  9.26 
6/3 8:28 8.00 8.28 9.22 9.72 9.89  9.26 
6/3 9:28 8.39 8.39 9.11 9.72 9.89  9.15 
6/3 10:28 8.89 8.78 9.11 9.72 9.89  9.16 
6/3 11:28 9.61 9.22 9.00 9.61 9.89  9.06 
6/3 12:28 10.00 9.61 9.00 9.61 9.72  9.07 
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 i-1  i  i+1  Tin+1 
Depth (ft) River Bed 
0.75 ft 
Below Bed 
1.5 ft  
Below Bed 
2.25 ft 
Below Bed 
3 ft  
Below Bed  
Curve 
Match 
Time (n)        
6/3 13:28 10.89 10.28 9.00 9.61 9.72  9.08 
6/3 14:28 11.39 10.78 9.00 9.61 9.72  9.09 
6/3 15:28 12.11 11.28 9.11 9.61 9.72  9.21 
6/3 16:28 12.39 11.61 9.22 9.61 9.72  9.32 
6/3 17:28 12.50 11.89 9.39 9.61 9.72  9.49 
6/3 18:28 12.39 11.89 9.50 9.61 9.72  9.60 
6/3 19:28 12.22 11.61 9.61 9.72 9.72  9.71 
6/3 20:28 12.00 11.50 9.72 9.72 9.72  9.82 
6/3 21:28 11.61 11.11 9.72 9.89 9.72  9.81 
6/3 22:28 11.11 10.89 9.89 9.89 9.72  9.97 
6/3 23:28 10.89 10.61 9.89 9.89 9.89  9.97 
6/4 0:28 10.61 10.50 9.89 10.00 9.89  9.96 
6/4 1:28 10.39 10.28 9.89 10.00 9.89  9.96 
6/4 2:28 10.11 10.11 9.89 10.00 9.89  9.96 
6/4 3:28 10.00 9.89 9.72 10.00 9.89  9.79 
6/4 4:28 9.72 9.72 9.72 10.00 9.89  9.78 
6/4 5:28 9.61 9.61 9.72 10.00 9.89  9.78 
6/4 6:28 9.39 9.50 9.61 10.00 9.89  9.67 
6/4 7:28 9.22 9.39 9.61 10.00 9.89  9.67 
6/4 8:28 9.22 9.39 9.50 10.00 9.89  9.56 
6/4 9:28 9.61 9.39 9.50 9.89 9.89  9.56 
6/4 10:28 10.11 9.61 9.50 9.89 9.89  9.57 
6/4 11:28 10.89 10.00 9.39 9.89 9.89  9.47 
6/4 12:28 11.61 10.28 9.39 9.89 9.89  9.48 
6/4 13:28 12.22 10.61 9.39 9.89 9.89  9.49 
6/4 14:28 13.00 11.28 9.50 9.89 9.89  9.61 
6/4 15:28 13.61 11.00 9.61 9.89 9.89  9.73 
6/4 16:28 14.00 11.72 9.72 9.89 9.89  9.85 
6/4 17:28 14.22 11.61 9.89 9.89 9.89  10.02 
6/4 18:28 13.89 11.72 10.00 10.00 9.89  10.12 
6/4 19:28 13.50 11.72 10.11 10.00 9.89  10.23 
6/4 20:28 13.11 11.72 10.28 10.11 9.89  10.39 
6/4 21:28 12.61 11.39 10.28 10.11 9.89  10.38 
6/4 22:28 12.11 11.28 10.28 10.28 9.89  10.37 
6/4 23:28 11.61 11.11 10.39 10.28 9.89  10.48 
6/5 0:28 11.28 10.78 10.39 10.28 10.00  10.47 
6/5 1:28 10.89 10.61 10.28 10.28 10.00  10.36 
6/5 2:28 10.50 10.39 10.28 10.28 10.00  10.35 
6/5 3:28 10.11 10.28 10.11 10.28 10.00  10.18 
6/5 4:28 9.89 10.00 10.11 10.28 10.00  10.17 
6/5 5:28 9.50 9.72 10.00 10.28 10.00  10.06 
6/5 6:28 9.39 9.61 10.00 10.28 10.00  10.06 
6/5 7:28 9.11 9.50 9.89 10.28 10.00  9.94 
6/5 8:28 9.22 9.50 9.72 10.11 10.00  9.78 
6/5 9:28 9.61 9.50 9.72 10.11 10.00  9.78 
6/5 10:28 10.00 9.61 9.61 10.11 10.00  9.68 
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 i-1  i  i+1  Tin+1 
Depth (ft) River Bed 
0.75 ft 
Below Bed 
1.5 ft  
Below Bed 
2.25 ft 
Below Bed 
3 ft  
Below Bed  
Curve 
Match 
Time (n)        
6/5 11:28 10.61 9.72 9.50 10.00 10.00  9.57 
6/5 12:28 11.00 9.89 9.50 10.00 10.00  9.58 
6/5 13:28 11.00 9.89 9.50 9.89 10.00  9.58 
6/5 14:28 11.39 10.00 9.50 9.89 10.00  9.59 
6/5 15:28 12.39 10.28 9.50 9.89 10.00  9.60 
6/5 16:28 12.22 10.39 9.61 9.89 10.00  9.71 
6/5 17:28 12.50 10.61 9.72 9.89 9.89  9.82 
6/5 18:28 12.22 10.78 9.72 9.89 9.89  9.82 
6/5 19:28 12.00 10.78 9.89 10.00 9.89  9.98 
6/5 20:28 11.72 10.61 9.89 10.00 9.89  9.98 
6/5 21:28 11.28 10.50 10.00 10.00 9.89  10.08 
6/5 22:28 10.89 10.28 10.00 10.00 9.89  10.08 
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Where Tz = Temperature at depth z (°C) 
 TL = Groundwater temperature (°C) 
 T0 =  Temperature in the streambed (°C) 
 qz = Vertical groundwater flow (m s-1) 
 ρfcf = Volumetric heat capacity of water (Jm-3K-1) 
 Kfs = Thermal conductivity of the saturated sediment (Wm-1K-1) 
 z = Depth below streambed (m) 
 n = Porosity 
 
TL (oC) = 5 
Vol. Heat Capacity of Water [Jm-³K-1] = 4186000 
Thermal Conductivity of the Saturated Sediment [Wm-1K-1] = 2.41 
z (m) = 0.198 
z (m) = 0.396 
z (m) = 0.64 
z (m) = 0.869 
 q avg Kvert 
 m/s ft/day m/day ft/day 
(6/1/04 – 7/26/04) Tz (0.198M) -8.7E-09 -0.002 2.7E-03 0.0 
 (6/1/04 – 7/26/04) Tz (0.396M) -6.5E-08 -0.019 2.0E-02 0.1 
 (6/1/04 – 7/26/04) Tz (0.64M) -4.7E-08 -0.013 1.5E-02 0.0 
 (6/1/04 – 7/26/04) Tz (0.869M) 4.0E-09 0.001 -1.3E-03 0.0 
   average 0.03 
     
 SWL River dl dh/dl 
6/1/2004 1.64 1.53 1.09 -1.37 
6/14/2004 1.17 1.17 1.09 -0.92 
7/8/2004 2.05 2.18 1.29 -0.91 
7/20/2004 2.29 2.36 1.29 -0.81 
  Average VHG = -1.00 
     
   Porosity = 0.275 
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Where Tz = Temperature at depth z (°C) 
 TL = Groundwater temperature (°C) 
 T0 =  Temperature in the streambed (°C) 
 qz = Vertical groundwater flow (m s-1) 
 ρfcf = Volumetric heat capacity of water (Jm-3K-1) 
 Kfs = Thermal conductivity of the saturated sediment (Wm-1K-1) 
 z = Depth below streambed (m) 
 n = Porosity 
 
TL (oC) = 5 
Vol. Heat Capacity of Water [Jm-³K-1] = 4186000 
Thermal Conductivity of the Saturated Sediment [Wm-1K-1] = 2.41 
z (m) = 0.4114 
z (m) = 0.655 
z (m) = 0.8686 
  
 q avg Kvert 
 m/s ft/day m/day ft/day 
6/1 to 7/14 Tz (0.4114M) 1.1E-07 0.03 -6.6E-05 -18.6 
7/14 to 7/26 Tz (0.4114M) 8.4E-07 0.24 1.9E-05 5.3 
7/20 to 7/23 Tz (0.4114M) 1.0E-06 0.29 2.2E-05 6.3 
6/1 to 7/14 Tz (0.655M) 1.0E-07 0.03 -6.1E-05 -17.3 
7/14 to 7/26 Tz (0.655M) 1.3E-06 0.36 2.8E-05 7.9 
6/1 to 6/26 Tz (0.8686M) 4.2E-07 0.12 9.2E-06 2.6 
6/26 to 7/26 Tz (0.8686M) 1.0E-06 0.30 2.3E-05 6.5 
   Average -1.0 
     
 SWL River dl dh/dl 
06/01/04 1.32 1.32 1.66 0.00 
06/14/04 1 0.98  -0.01 
  Average VHG = -0.01 
07/08/04 1.7 2 1.77 0.17 
07/20/04 1.81 2.1  0.16 
  Average VHG = 0.17 
     
   Porosity = 0.275 
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Where Tz = Temperature at depth z (°C) 
 TL = Groundwater temperature (°C) 
 T0 =  Temperature in the streambed (°C) 
 qz = Vertical groundwater flow (m s-1) 
 ρfcf = Volumetric heat capacity of water (Jm-3K-1) 
 Kfs = Thermal conductivity of the saturated sediment (Wm-1K-1) 
 z = Depth below streambed (m) 
 n = Porosity 
 
TL (oC) = 5 
Vol. Heat Capacity of Water [Jm-³K-1] = 4186000 
Thermal Conductivity of the Saturated Sediment [Wm-1K-1] = 2.41 
z (m) = 0.198 
z (m) = 0.396 
z (m) = 0.64 
  
 q avg Kvert 
 m/s ft/day m/day ft/day 
6/1/04 – 7/26/04 Tz (0.198M) 2.5E-09 7.0E-04 -2.0E-03 -0.007 
6/1/04 – 7/26/04 Tz (0.396M) 5.8E-08 1.6E-02 -4.7E-02 -0.155 
6/1/04 – 7/26/04 Tz (0.64M) 4.0E-08 1.1E-02 -3.3E-02 -0.109 
6/1/04 – 7/26/04 Tz (0.869M) 8.2E-09 2.3E-03 -6.8E-03 -0.022 
   Average -0.07 
     
 SWL River dl dh/dl 
6/1/2004 2.1 1.13 1.63 -0.60 
6/14/2004 1.33 0.75  -0.36 
7/8/2004 2.45 1.81 2.09 -0.31 
7/20/2004 2.6 2.03  -0.27 
  Average VHG = -0.38 
     
   Porosity = 0.275 
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Where Tz = Temperature at depth z (°C) 
 TL = Groundwater temperature (°C) 
 T0 =  Temperature in the streambed (°C) 
 qz = Vertical groundwater flow (m s-1) 
 ρfcf = Volumetric heat capacity of water (Jm-3K-1) 
 Kfs = Thermal conductivity of the saturated sediment (Wm-1K-1) 
 z = Depth below streambed (m) 
 n = Porosity 
 
TL (oC) = 5 
Vol. Heat Capacity of Water [Jm-³K-1] = 4186000 
Thermal Conductivity of the Saturated Sediment [Wm-1K-1] = 2.41 
z (m) = 0.198 
z (m) = 0.396 
z (m) = 0.64 
z (m) = 0.853 
  
 q avg Kvert 
 m/s ft/day m/day ft/day 
6/1 to 7/20 Tz (0.198M) -2.37E-07 -0.067 1.0E-05 2.9 
7/14 to 7/26 Tz (0.198M) 2.85E-07 0.081 -2.4E-05 -6.7 
6/1 to 7/20 Tz (0.396M) -2.07E-07 -0.059 7.5E-06 2.1 
7/20 to 7/26 Tz (0.396M) 3.20E-07 0.091 -2.7E-05 -7.6 
6/1 to 7/20 Tz (0.640M) -6.00E-08 -0.017 5.0E-06 1.4 
7/20 to 7/26 Tz (0.640M) 4.12E-07 0.117 -3.4E-05 -9.7 
6/26 to 7/26 Tz (0.853M) 1.68E-07 0.048 -7.4E-06 -2.1 
6/21 to 7/6 Tz (0.853M) 2.78E-07 0.079 -1.2E-05 -3.5 
   Average -2.7 
     
 SWL River dl dh/dl 
06/01/04 0.9 0.8 1.65 -0.06 
06/14/04 0.65 0.42  -0.14 
  Average VHG = -0.10 
07/08/04 1.47 1.39 1.8 -0.05 
07/20/04 1.53 1.46  -0.04 
  Average VHG = -0.04 
     
   Porosity = 0.275 
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Where Tz = Temperature at depth z (°C) 
 TL = Groundwater temperature (°C) 
 T0 =  Temperature in the streambed (°C) 
 qz = Vertical groundwater flow (m s-1) 
 ρfcf = Volumetric heat capacity of water (Jm-3K-1) 
 Kfs = Thermal conductivity of the saturated sediment (Wm-1K-1) 
 z = Depth below streambed (m) 
 n = Porosity 
 
TL (oC) = 5 
Vol. Heat Capacity of Water [Jm-³K-1] = 4186000 
Thermal Conductivity of the Saturated Sediment [Wm-1K-1] = 2.41 
z (m) = 0.198 
z (m) = 0.396 
z (m) = 0.64 
z (m) = 0.853 
  
 q avg Kvert 
 m/s ft/day m/day ft/day 
6/1 to 7/20 Tz (0.198M) 1.55E-06 0.4405 7.0E-05 20.0 
6/1 to 6/6 Tz (0.198M) 8.95E-09 0.0025 2.1E-07 0.1 
7/20 to 7/26 Tz (0.396M) 2.69E-07 0.0761 6.2E-06 1.8 
6/1 to 7/20 Tz (0.640M) 5.63E-07 0.1597 2.6E-05 7.2 
7/20 to 7/26 Tz (0.640M) 1.42E-07 0.0404 3.3E-06 0.9 
6/26 to 7/26 Tz (0.853M) 5.53E-07 0.1568 2.5E-05 7.1 
6/21 to 7/6 Tz (0.853M) 5.85E-07 0.1659 1.4E-05 3.8 
   Average 5.8 
     
 SWL River dl dh/dl 
06/01/04 2.1 1.13 1.73 0.00 
06/14/04 1.33 0.75  0.01 
  Average VHG = 0.00 
07/08/04 2.45 1.81 1.76 0.16 
07/20/04 2.6 2.03  0.15 
  Average VHG = 0.16 
     
   Porosity = 0.275 
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Where Tz = Temperature at depth z (°C) 
 TL = Groundwater temperature (°C) 
 T0 =  Temperature in the streambed (°C) 
 qz = Vertical groundwater flow (m s-1) 
 ρfcf = Volumetric heat capacity of water (Jm-3K-1) 
 Kfs = Thermal conductivity of the saturated sediment (Wm-1K-1) 
 z = Depth below streambed (m) 
 n = Porosity 
 
TL (oC) = 5 
Vol. Heat Capacity of Water [Jm-³K-1] = 4186000 
Thermal Conductivity of the Saturated Sediment [Wm-1K-1] = 2.41 
z (m) = 0.198 
z (m) = 0.396 
z (m) = 0.64 
z (m) = 0.853 
  
 q avg Kvert 
 m/s ft/day m/day ft/day 
6/1/04 – 7/26/04 Tz (0.198M) 5.8E-07 0.1645 1.3E-05 3.55 
6/22/04 – 7/26/04 Tz (0.198M) 1.3E-06 0.3619 2.2E-05 6.10 
6/22/04 – 7/26/04 Tz (0.625M) 4.5E-07 0.1283 7.6E-06 2.16 
6/22/04 – 7/26/04 Tz (0.853M) 3.3E-07 0.0925 5.5E-06 1.56 
   Average 3.3 
     
 SWL River dl dh/dl 
6/1/04 0.86 1.13 1.78 0.152 
6/14/04 0.64 0.8  0.090 
  Average VHG = 0.12 
7/8/04 1.65 1.97 1.76 0.182 
7/20/04 1.68 2.12  0.250 
  Average VHG = 0.22 
     
   Porosity = 0.275 
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Where Tz = Temperature at depth z (°C) 
 TL = Groundwater temperature (°C) 
 T0 =  Temperature in the streambed (°C) 
 qz = Vertical groundwater flow (m s-1) 
 ρfcf = Volumetric heat capacity of water (Jm-3K-1) 
 Kfs = Thermal conductivity of the saturated sediment (Wm-1K-1) 
 z = Depth below streambed (m) 
 n = Porosity 
 
TL (oC) = 5 
Vol. Heat Capacity of Water [Jm-³K-1] = 4186000 
Thermal Conductivity of the Saturated Sediment [Wm-1K-1] = 2.41 
z (m) = 0.198 
z (m) = 0.396 
z (m) = 0.64 
z (m) = 0.853 
  
 q avg Kvert 
 m/s ft/day m/day ft/day 
6/1 to 7/15 Tz (0.198M) 0.0000 -0.0882 -3.6E-05 -10.2 
7/15 to 7/21 Tz (0.198M) 0.0000 -0.0492 -5.3E-05 -15.1 
6/1 to 7/15 Tz (0.396M) 0.0000 0.0013 5.2E-07 0.1 
7/15 to 7/21 Tz (0.396M) 0.0000 0.0475 5.1E-05 14.6 
6/1 to 7/15 Tz (0.840M) 0.0000 -0.0009 -3.7E-07 -0.1 
7/15 to 7/21 Tz (0.840M) 0.0000 0.0741 8.0E-05 22.8 
   Average 2.0 
     
 SWL River dl dh/dl 
6/1/04 1.41 1.45 1.69 0.024 
6/14/04 1.2 1.23  0.018 
7/8/04 1.87 1.96  0.053 
  Average VHG = 0.03 
7/20/04 2.03 2.05 1.69 0.012 
  Average VHG = 0.01 
     
   Porosity = 0.275 
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Where Tz = Temperature at depth z (°C) 
 TL = Groundwater temperature (°C) 
 T0 =  Temperature in the streambed (°C) 
 qz = Vertical groundwater flow (m s-1) 
 ρfcf = Volumetric heat capacity of water (Jm-3K-1) 
 Kfs = Thermal conductivity of the saturated sediment (Wm-1K-1) 
 z = Depth below streambed (m) 
 n = Porosity 
 
TL (oC) = 5 
Vol. Heat Capacity of Water [Jm-³K-1] = 4186000 
Thermal Conductivity of the Saturated Sediment [Wm-1K-1] = 2.41 
z (m) = 0.198 
z (m) = 0.396 
z (m) = 0.64 
z (m) = 0.853 
  
 q avg Kvert 
 m/s ft/day m/day ft/day 
6/1 to 6/28 Tz (0.198M) 1.9E-07 0.0525 7.8E-06 2.2 
6/28 to 7/26 Tz (0.198M) 1.1E-06 0.3187 4.4E-05 12.6 
6/1 to 6/28 Tz (0.4115M) 1.1E-07 0.0325 4.8E-06 1.4 
6/28 to 7/26 Tz (0.4115M) 5.7E-07 0.1605 2.2E-05 6.3 
6/1 to 6/28 Tz (0.655M) 8.2E-09 0.0023 3.5E-07 0.1 
6/28 to 7/26 Tz (0.655M) 3.0E-07 0.0837 1.2E-05 3.3 
6/1 to 6/28 Tz (0.8687M) -2.1E-08 -0.0059 -8.8E-07 -0.2 
6/28 to 7/26 Tz (0.8687M) 1.9E-07 0.0549 7.7E-06 2.2 
   Average 3.5 
     
 SWL River dl dh/dl 
06/01/04 1.33 1.5 1.63 0.10 
06/14/04 1.2 1.31  0.07 
  Average VHG = 0.09 
07/08/04 1.93 2.03 1.74 0.06 
07/20/04 2.02 2.24  0.13 
  Average VHG = 0.19 
     
   Porosity = 0.275 
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+= 1,Where  (thermomechanical dispersion tensor) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 α1 = Longitudinal dispersivity (m) 
 αt = Transverse dispersivity (m) 
 δi,j =Kronecker delta function 
 vi, vj = ith and jth component of the velocity vector (m s-1) 
 |v|  = magnitude of the velocity vector (m s-1) 
 θ = Volumetric water content (%) 
 Cw = Heat capacity of the fluid (J kg-1 °C-1) 
 Cs = Heat capacity of the sediment (J kg-1 °C-1) 
 φ = Porosity (dimensionless) 
 t = Time (s) 
 z = depth (m) 
 Kt = Vertical hydraulic conductivity (m s-1) 
 T = Temperature (°C) 
 q1 = Groundwater velocity (m s-1) 
 Q = Rate of fluid (s-1) 
Anisotropy = 1.0  
Kvert = 7 (m/d) 
Kvert = 23 (ft/d) 
Ss = 1.0E-6 
φ = 0.275 
alpha = 0.1 
beta = 10 
α1 = 0.18 
αt = 0.18 
Cs = 800000 
KTr = 2.42 
KTs = 2.42 
Cw = 4180000 
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+= 1,Where  (thermomechanical dispersion tensor) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 α1 = Longitudinal dispersivity (m) 
 αt = Transverse dispersivity (m) 
 δi,j =Kronecker delta function 
 vi, vj = ith and jth component of the velocity vector (m s-1) 
 |v|  = magnitude of the velocity vector (m s-1) 
 θ = Volumetric water content (%) 
 Cw = Heat capacity of the fluid (J kg-1 °C-1) 
 Cs = Heat capacity of the sediment (J kg-1 °C-1) 
 φ = Porosity (dimensionless) 
 t = Time (s) 
 z = depth (m) 
 Kt = Vertical hydraulic conductivity (m s-1) 
 T = Temperature (°C) 
 q1 = Groundwater velocity (m s-1) 
 Q = Rate of fluid (s-1) 
Anisotropy = 1.0  
Kvert = 7 (m/d) 
Kvert = 23 (ft/d) 
Ss = 1.0E-6 
φ = 0.275 
alpha = 0.1 
beta = 10 
α1 = 0.12 
αt = 0.12 
Cs = 800000 
KTr = 2.42 
KTs = 2.42 
Cw = 4180000 
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+= 1,Where  (thermomechanical dispersion tensor) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 α1 = Longitudinal dispersivity (m) 
 αt = Transverse dispersivity (m) 
 δi,j =Kronecker delta function 
 vi, vj = ith and jth component of the velocity vector (m s-1) 
 |v|  = magnitude of the velocity vector (m s-1) 
 θ = Volumetric water content (%) 
 Cw = Heat capacity of the fluid (J kg-1 °C-1) 
 Cs = Heat capacity of the sediment (J kg-1 °C-1) 
 φ = Porosity (dimensionless) 
 t = Time (s) 
 z = depth (m) 
 Kt = Vertical hydraulic conductivity (m s-1) 
 T = Temperature (°C) 
 q1 = Groundwater velocity (m s-1) 
 Q = Rate of fluid (s-1) 
Anisotropy = 1.0  
Kvert = 12 (m/d) 
Kvert = 39 (ft/d) 
Ss = 1.0E-6 
φ = 0.275 
alpha = 0.1 
beta = 10 
α1 = 0.25 
αt = 0.25 
Cs = 800000 
KTr = 2.42 
KTs = 2.42 
Cw = 4180000 
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+= 1,Where  (thermomechanical dispersion tensor) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 α1 = Longitudinal dispersivity (m) 
 αt = Transverse dispersivity (m) 
 δi,j =Kronecker delta function 
 vi, vj = ith and jth component of the velocity vector (m s-1) 
 |v|  = magnitude of the velocity vector (m s-1) 
 θ = Volumetric water content (%) 
 Cw = Heat capacity of the fluid (J kg-1 °C-1) 
 Cs = Heat capacity of the sediment (J kg-1 °C-1) 
 φ = Porosity (dimensionless) 
 t = Time (s) 
 z = depth (m) 
 Kt = Vertical hydraulic conductivity (m s-1) 
 T = Temperature (°C) 
 q1 = Groundwater velocity (m s-1) 
 Q = Rate of fluid (s-1) 
Anisotropy = 1.0  
Kvert = 5 (m/d) 
Kvert = 16 (ft/d) 
Ss = 1.0E-6 
φ = 0.275 
alpha = 0.1 
beta = 10 
α1 = 0.5 
αt = 0.5 
Cs = 800000 
KTr = 2.42 
KTs = 2.42 
Cw = 4180000 
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+= 1,Where  (thermomechanical dispersion tensor) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 α1 = Longitudinal dispersivity (m) 
 αt = Transverse dispersivity (m) 
 δi,j =Kronecker delta function 
 vi, vj = ith and jth component of the velocity vector (m s-1) 
 |v|  = magnitude of the velocity vector (m s-1) 
 θ = Volumetric water content (%) 
 Cw = Heat capacity of the fluid (J kg-1 °C-1) 
 Cs = Heat capacity of the sediment (J kg-1 °C-1) 
 φ = Porosity (dimensionless) 
 t = Time (s) 
 z = depth (m) 
 Kt = Vertical hydraulic conductivity (m s-1) 
 T = Temperature (°C) 
 q1 = Groundwater velocity (m s-1) 
 Q = Rate of fluid (s-1) 
Anisotropy = 1.0  
Kvert = 14 (m/d) 
Kvert = 46 (ft/d) 
Ss = 1.0E-6 
φ = 0.275 
alpha = 0.1 
beta = 10 
α1 = 0.12 
αt = 0.12 
Cs = 800000 
KTr = 2.42 
KTs = 2.42 
Cw = 4180000 
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Stream Bed Temperature Profile Analysis – VS2DI – SG9 
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+= 1,Where  (thermomechanical dispersion tensor) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 α1 = Longitudinal dispersivity (m) 
 αt = Transverse dispersivity (m) 
 δi,j =Kronecker delta function 
 vi, vj = ith and jth component of the velocity vector (m s-1) 
 |v|  = magnitude of the velocity vector (m s-1) 
 θ = Volumetric water content (%) 
 Cw = Heat capacity of the fluid (J kg-1 °C-1) 
 Cs = Heat capacity of the sediment (J kg-1 °C-1) 
 φ = Porosity (dimensionless) 
 t = Time (s) 
 z = depth (m) 
 Kt = Vertical hydraulic conductivity (m s-1) 
 T = Temperature (°C) 
 q1 = Groundwater velocity (m s-1) 
 Q = Rate of fluid (s-1) 
Anisotropy = 1.0  
Kvert = 5 (m/d) 
Kvert = 16 (ft/d) 
Ss = 1.0E-6 
φ = 0.275 
alpha = 0.1 
beta = 10 
α1 = 0.5 
αt = 0.5 
Cs = 800000 
KTr = 2.42 
KTs = 2.42 
Cw = 4180000 
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Pneumatic Slug Test – Bower & Rice Method – Well 2B 
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Where; 
 rc  = well casing radius  Lw = well length beneath the water table 
 R  = effective well screen radius  A = constant  
 Re  = effective radius of head dissipation  B = constant 
 Le  = effective well screen length  h = thickness of the saturated aquifer 
 H0  = drawdown at time = 0 
 Ht  = drawdown at time = t 
 
 
 
 
 
K (ft/min)= 0.0153    
K (ft/day)= 22.0390    
    
radius (ft)= 5.21E-02    
R (ft)= 5.21E-02    
LN(Re/R)= 0.688391    
Lw (ft)= 1.38  A= 3.1 
Le (ft)= 2.75  B= 0.55 
h (ft)= 200    
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Time 
(min) 
Time 
(sec) 
Cumulative 
Delta Time(min) 
Depth 
(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht) 
0.00000 0.000 0.00000 9.110 0.00000  
0.00044 0.026 0.00044 9.109 0.00063 0.0000 
0.00088 0.053 0.00088 9.109 0.00074 176.4727 
0.00132 0.079 0.00132 9.110 0.00053 -138.7992 
0.00175 0.105 0.00175 9.111 0.00011 -1006.2739 
0.00219 0.132 0.00219 9.112 0.00074 70.8156 
0.00263 0.158 0.00263 9.111 0.00042 -154.6999 
0.00307 0.184 0.00307 9.110 0.00064 0.1710 
0.00351 0.210 0.00351 9.108 0.00170 280.4943 
0.00395 0.237 0.00395 9.108 0.00276 372.5036 
0.00439 0.263 0.00439 9.107 0.00393 415.7287 
0.00482 0.289 0.00482 9.106 0.00457 409.0988 
0.00526 0.316 0.00526 9.103 0.00616 431.8795 
0.00570 0.342 0.00570 9.097 0.00935 471.8131 
0.00614 0.368 0.00614 9.092 0.01413 505.3965 
0.00658 0.395 0.00658 9.088 0.01934 519.3953 
0.00702 0.421 0.00702 9.082 0.02444 520.3109 
0.00745 0.447 0.00745 9.076 0.02997 517.0485 
0.00789 0.474 0.00789 9.068 0.03667 513.8488 
0.00833 0.500 0.00833 9.059 0.04432 509.5561 
0.00877 0.526 0.00877 9.051 0.05261 503.6324 
0.00921 0.553 0.00921 9.043 0.06079 495.3618 
0.00965 0.579 0.00965 9.036 0.06845 485.1362 
0.01009 0.605 0.01009 9.032 0.07482 472.8846 
0.01052 0.631 0.01052 9.025 0.08088 460.5794 
0.01096 0.658 0.01096 9.018 0.08705 448.8569 
0.01140 0.684 0.01140 9.011 0.09385 438.1802 
0.01184 0.710 0.01184 9.004 0.10087 428.0404 
0.01228 0.737 0.01228 8.999 0.10714 417.6662 
0.01272 0.763 0.01272 8.996 0.11235 407.0022 
0.01316 0.789 0.01316 8.991 0.11649 396.1897 
0.01359 0.816 0.01359 8.986 0.12064 385.9863 
0.01403 0.842 0.01403 8.983 0.12478 376.3320 
0.01447 0.868 0.01447 8.979 0.12893 367.1864 
0.01491 0.895 0.01491 8.974 0.13318 358.5551 
0.01535 0.921 0.01535 8.970 0.13754 350.4086 
0.01579 0.947 0.01579 8.965 0.14221 342.7934 
0.01622 0.973 0.01622 8.964 0.14551 334.9440 
0.01666 1.000 0.01666 8.959 0.14923 327.6447 
0.01710 1.026 0.01710 8.954 0.15273 320.6054 
0.01754 1.052 0.01754 8.952 0.15677 314.0784 
0.01798 1.079 0.01798 8.948 0.16028 307.6487 
0.01842 1.105 0.01842 8.943 0.16421 301.6345 
0.01886 1.131 0.01886 8.937 0.16889 296.1091 
0.01929 1.158 0.01929 8.936 0.17304 290.6362 
0.01973 1.184 0.01973 8.931 0.17676 285.2582 
0.02017 1.210 0.02017 8.930 0.17920 279.7379 
0.02061 1.237 0.02061 8.927 0.18228 274.6159 
0.02105 1.263 0.02105 8.925 0.18441 269.4456 
0.02149 1.289 0.02149 8.923 0.18696 264.5860 
0.02193 1.316 0.02193 8.917 0.19004 260.0361 
0.02236 1.342 0.02236 8.913 0.19397 255.8533 
0.02280 1.368 0.02280 8.910 0.19801 251.8369 
0.02324 1.394 0.02324 8.908 0.20120 247.7746 
0.02368 1.421 0.02368 8.904 0.20439 243.8502 
0.02412 1.447 0.02412 8.901 0.20769 240.0813 
0.02456 1.473 0.02456 8.896 0.21162 236.5580 
0.02499 1.500 0.02499 8.892 0.21555 233.1445 
0.02543 1.526 0.02543 8.888 0.21970 229.8707 
0.02587 1.552 0.02587 8.884 0.22363 226.6605 
0.02631 1.579 0.02631 8.882 0.22692 223.4388 
0.02675 1.605 0.02675 8.880 0.22969 220.2299 
0.02719 1.631 0.02719 8.879 0.23150 216.9660 
0.02763 1.658 0.02763 8.877 0.23309 213.7718 
0.02806 1.684 0.02806 8.874 0.23500 210.7228 
0.02850 1.710 0.02850 8.871 0.23745 207.8440 
0.02894 1.736 0.02894 8.869 0.24021 205.0924 
0.02938 1.763 0.02938 8.868 0.24234 202.3312 
0.02982 1.789 0.02982 8.864 0.24489 199.7081 
0.03026 1.815 0.03026 8.864 0.24669 197.0568 
0.03070 1.842 0.03070 8.861 0.24893 194.5351 
0.03113 1.868 0.03113 8.858 0.25084 192.0421 
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Time 
(min) 
Time 
(sec) 
Cumulative 
Delta Time(min) 
Depth 
(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht) 
0.03157 1.894 0.03157 8.855 0.25371 189.7352 
0.03201 1.921 0.03201 8.851 0.25690 187.5263 
0.03245 1.947 0.03245 8.850 0.25945 185.2948 
0.03289 1.973 0.03289 8.850 0.26104 183.0105 
0.03333 2.000 0.03333 8.850 0.26158 180.6645 
0.03376 2.026 0.03376 8.847 0.26264 178.4383 
0.03420 2.052 0.03420 8.849 0.26317 176.2098 
0.03464 2.078 0.03464 8.845 0.26487 174.1660 
0.03508 2.105 0.03508 8.845 0.26561 172.0689 
0.03552 2.131 0.03552 8.844 0.26710 170.1019 
0.03596 2.157 0.03596 8.842 0.26785 168.1033 
0.03640 2.184 0.03640 8.842 0.26870 166.1651 
0.03683 2.210 0.03683 8.840 0.26997 164.3162 
0.03727 2.236 0.03727 8.838 0.27157 162.5411 
0.03771 2.263 0.03771 8.836 0.27380 160.8681 
0.03815 2.289 0.03815 8.835 0.27571 159.2023 
0.03859 2.315 0.03859 8.833 0.27741 157.5525 
0.03903 2.342 0.03903 8.831 0.27901 155.9291 
0.03947 2.368 0.03947 8.828 0.28113 154.3876 
0.03990 2.394 0.03990 8.827 0.28283 152.8422 
0.04034 2.421 0.04034 8.827 0.28432 151.3116 
0.04078 2.447 0.04078 8.825 0.28538 149.7761 
0.04122 2.473 0.04122 8.824 0.28666 148.2909 
0.04166 2.499 0.04166 8.823 0.28783 146.8283 
0.04210 2.526 0.04210 8.821 0.28910 145.4038 
0.04253 2.552 0.04253 8.819 0.29059 144.0261 
0.04297 2.578 0.04297 8.818 0.29229 142.6906 
0.04341 2.605 0.04341 8.819 0.29293 141.2995 
0.04385 2.631 0.04385 8.820 0.29283 139.8788 
0.04429 2.657 0.04429 8.820 0.29229 138.4528 
0.04473 2.684 0.04473 8.819 0.29240 137.1036 
0.04517 2.710 0.04517 8.816 0.29346 135.8533 
0.04560 2.736 0.04560 8.816 0.29463 134.6342 
0.04604 2.763 0.04604 8.814 0.29612 133.4600 
0.04648 2.789 0.04648 8.814 0.29697 132.2631 
0.04692 2.815 0.04692 8.815 0.29718 131.0422 
0.04736 2.841 0.04736 8.817 0.29644 129.7764 
0.04780 2.868 0.04780 8.817 0.29538 128.5106 
0.04824 2.894 0.04824 8.816 0.29516 127.3274 
0.04867 2.920 0.04867 8.815 0.29580 126.2250 
0.04911 2.947 0.04911 8.814 0.29676 125.1637 
0.04955 2.973 0.04955 8.817 0.29654 124.0407 
0.04999 2.999 0.04999 8.817 0.29569 122.8952 
0.05043 3.026 0.05043 8.818 0.29452 121.7480 
0.05087 3.052 0.05087 8.818 0.29410 120.6704 
0.05130 3.078 0.05130 8.817 0.29410 119.6391 
0.05174 3.105 0.05174 8.816 0.29463 118.6601 
0.05218 3.131 0.05218 8.813 0.29612 117.7599 
0.05262 3.157 0.05262 8.813 0.29761 116.8738 
0.05306 3.184 0.05306 8.813 0.29867 115.9744 
0.05350 3.210 0.05350 8.812 0.29909 115.0504 
0.05394 3.236 0.05394 8.811 0.29984 114.1611 
0.05437 3.262 0.05437 8.811 0.30048 113.2799 
0.05481 3.289 0.05481 8.811 0.30101 112.4059 
0.05525 3.315 0.05525 8.809 0.30154 111.5458 
0.05569 3.341 0.05569 8.809 0.30218 110.7057 
0.05613 3.368 0.05613 8.809 0.30271 109.8722 
0.05657 3.394 0.05657 8.810 0.30228 108.9950 
0.05701 3.420 0.05701 8.810 0.30197 108.1380 
0.05744 3.447 0.05744 8.811 0.30133 107.2758 
0.05788 3.473 0.05788 8.810 0.30133 106.4634 
0.05832 3.499 0.05832 8.810 0.30122 105.6569 
0.05876 3.526 0.05876 8.810 0.30144 104.8804 
0.05920 3.552 0.05920 8.811 0.30133 104.0979 
0.05964 3.578 0.05964 8.813 0.30048 103.2851 
0.06007 3.604 0.06007 8.812 0.30005 102.5070 
0.06051 3.631 0.06051 8.812 0.29952 101.7349 
0.06095 3.657 0.06095 8.811 0.30027 101.0437 
0.06139 3.683 0.06139 8.811 0.30048 100.3337 
0.06183 3.710 0.06183 8.809 0.30143 99.6735 
0.06227 3.736 0.06227 8.810 0.30165 98.9832 
0.06271 3.762 0.06271 8.810 0.30186 98.3022 
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Cumulative 
Delta h (ft) (1/t)ln(H0/Ht) 
0.06314 3.789 0.06314 8.808 0.30218 97.6363 
0.06358 3.815 0.06358 8.809 0.30250 96.9790 
0.06402 3.841 0.06402 8.808 0.30313 96.3477 
0.06446 3.868 0.06446 8.808 0.30324 95.6977 
0.06490 3.894 0.06490 8.806 0.30409 95.0945 
0.06534 3.920 0.06534 8.807 0.30462 94.4830 
0.06578 3.947 0.06578 8.807 0.30494 93.8692 
0.06621 3.973 0.06621 8.807 0.30473 93.2370 
0.06665 3.999 0.06665 8.807 0.30473 92.6236 
0.06709 4.025 0.06709 8.806 0.30494 92.0282 
0.06753 4.052 0.06753 8.807 0.30494 91.4306 
0.06797 4.078 0.06797 8.808 0.30452 90.8202 
0.06841 4.104 0.06841 8.807 0.30420 90.2229 
0.06884 4.131 0.06884 8.807 0.30409 89.6432 
0.06928 4.157 0.06928 8.808 0.30409 89.0760 
0.06972 4.183 0.06972 8.809 0.30366 88.4957 
0.07016 4.210 0.07016 8.808 0.30335 87.9276 
0.07060 4.236 0.07060 8.809 0.30303 87.3662 
0.07104 4.262 0.07104 8.809 0.30303 86.8269 
0.07148 4.289 0.07148 8.809 0.30281 86.2844 
0.07191 4.315 0.07191 8.809 0.30271 85.7536 
0.07235 4.341 0.07235 8.806 0.30366 85.2775 
0.07279 4.367 0.07279 8.807 0.30441 84.7976 
0.07323 4.394 0.07323 8.805 0.30568 84.3469 
0.07367 4.420 0.07367 8.805 0.30600 83.8590 
0.07411 4.446 0.07411 8.803 0.30717 83.4139 
0.07455 4.473 0.07455 8.804 0.30770 82.9464 
0.07498 4.499 0.07498 8.805 0.30781 82.4659 
0.07542 4.525 0.07542 8.805 0.30738 81.9684 
0.07586 4.552 0.07586 8.804 0.30739 81.4946 
0.07630 4.578 0.07630 8.804 0.30760 81.0355 
0.07674 4.604 0.07674 8.805 0.30760 80.5724 
0.07718 4.631 0.07718 8.804 0.30770 80.1191 
0.07761 4.657 0.07761 8.805 0.30728 79.6483 
0.07805 4.683 0.07805 8.805 0.30696 79.1875 
0.07849 4.710 0.07849 8.805 0.30632 78.7186 
0.07893 4.736 0.07893 8.804 0.30685 78.3035 
0.07937 4.762 0.07937 8.802 0.30802 77.9188 
0.07981 4.788 0.07981 8.803 0.30898 77.5297 
0.08025 4.815 0.08025 8.802 0.30941 77.1231 
0.08068 4.841 0.08068 8.803 0.30909 76.6912 
0.08112 4.867 0.08112 8.805 0.30845 76.2509 
0.08156 4.894 0.08156 8.802 0.30845 75.8409 
0.08200 4.920 0.08200 8.803 0.30845 75.4355 
0.08244 4.946 0.08244 8.802 0.30930 75.0676 
0.08288 4.973 0.08288 8.804 0.30887 74.6538 
0.08332 4.999 0.08332 8.804 0.30855 74.2487 
0.08375 5.025 0.08375 8.804 0.30802 73.8393 
0.08419 5.052 0.08419 8.803 0.30823 73.4630 
0.08463 5.078 0.08463 8.803 0.30866 73.0983 
0.08507 5.104 0.08507 8.801 0.30951 72.7539 
0.08551 5.130 0.08551 8.799 0.31079 72.4290 
0.08595 5.157 0.08595 8.801 0.31143 72.0834 
0.08638 5.183 0.08638 8.799 0.31206 71.7412 
0.08682 5.209 0.08682 8.799 0.31217 71.3829 
0.08726 5.236 0.08726 8.798 0.31313 71.0593 
0.08770 5.262 0.08770 8.798 0.31355 70.7195 
0.08814 5.288 0.08814 8.796 0.31440 70.3981 
0.08858 5.315 0.08858 8.796 0.31493 70.0687 
0.08902 5.341 0.08902 8.797 0.31525 69.7350 
0.08945 5.367 0.08945 8.797 0.31504 69.3856 
0.08989 5.394 0.08989 8.797 0.31493 69.0434 
0.09033 5.420 0.09033 8.795 0.31546 68.7270 
0.09077 5.446 0.09077 8.795 0.31610 68.4172 
0.09121 5.472 0.09121 8.794 0.31685 68.1140 
0.09165 5.499 0.09165 8.795 0.31685 67.7879 
0.09209 5.525 0.09209 8.794 0.31706 67.4723 
0.09252 5.551 0.09252 8.796 0.31642 67.1309 
0.09296 5.578 0.09296 8.798 0.31557 66.7853 
0.09340 5.604 0.09340 8.797 0.31482 66.4465 
0.09384 5.630 0.09384 8.797 0.31451 66.1253 
0.09428 5.657 0.09428 8.798 0.31461 65.8213 
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0.09472 5.683 0.09472 8.800 0.31355 65.4810 
0.09515 5.709 0.09515 8.801 0.31227 65.1361 
0.09559 5.736 0.09559 8.800 0.31142 64.8088 
0.09603 5.762 0.09603 8.798 0.31185 64.5272 
0.09647 5.788 0.09647 8.799 0.31259 64.2586 
0.09691 5.815 0.09691 8.797 0.31376 64.0063 
0.09735 5.841 0.09735 8.795 0.31493 63.7563 
0.09779 5.867 0.09779 8.795 0.31631 63.5152 
0.09822 5.893 0.09822 8.795 0.31685 63.2484 
0.09866 5.920 0.09866 8.794 0.31716 62.9776 
0.09910 5.946 0.09910 8.794 0.31748 62.7091 
0.09954 5.972 0.09954 8.794 0.31769 62.4396 
0.09998 5.999 0.09998 8.796 0.31716 62.1490 
0.10042 6.025 0.10042 8.795 0.31663 61.8610 
0.10086 6.051 0.10086 8.797 0.31589 61.5688 
0.10129 6.078 0.10129 8.798 0.31514 61.2790 
0.10173 6.104 0.10173 8.798 0.31429 60.9881 
0.10217 6.130 0.10217 8.798 0.31397 60.7164 
0.10261 6.157 0.10261 8.796 0.31472 60.4800 
0.10305 6.183 0.10305 8.796 0.31546 60.2456 
0.10349 6.209 0.10349 8.795 0.31631 60.0164 
0.10392 6.235 0.10392 8.793 0.31727 59.7922 
0.10436 6.262 0.10436 8.791 0.31865 59.5827 
0.10480 6.288 0.10480 8.792 0.31961 59.3620 
0.10524 6.314 0.10524 8.791 0.32014 59.1302 
0.10568 6.341 0.10568 8.790 0.32046 58.8943 
0.10612 6.367 0.10612 8.791 0.32088 58.6635 
0.10656 6.393 0.10656 8.791 0.32078 58.4190 
0.10699 6.420 0.10699 8.792 0.32014 58.1610 
0.10743 6.446 0.10743 8.791 0.31993 57.9175 
0.10787 6.472 0.10787 8.792 0.31982 57.6790 
0.10831 6.499 0.10831 8.793 0.31961 57.4394 
0.10875 6.525 0.10875 8.795 0.31855 57.1770 
0.10919 6.551 0.10919 8.794 0.31791 56.9290 
0.10963 6.578 0.10963 8.793 0.31802 56.7043 
0.11006 6.604 0.11006 8.793 0.31865 56.4967 
0.11050 6.630 0.11050 8.792 0.31929 56.2906 
0.11094 6.656 0.11094 8.790 0.32003 56.0891 
0.11138 6.683 0.11138 8.791 0.32067 55.8862 
0.11182 6.709 0.11182 8.792 0.32046 55.6611 
0.11226 6.735 0.11226 8.791 0.32014 55.4346 
0.11269 6.762 0.11269 8.791 0.31993 55.2130 
0.11313 6.788 0.11313 8.790 0.32056 55.0166 
0.11357 6.814 0.11357 8.788 0.32163 54.8334 
0.11401 6.841 0.11401 8.789 0.32248 54.6457 
0.11445 6.867 0.11445 8.788 0.32322 54.4565 
0.11489 6.893 0.11489 8.787 0.32365 54.2601 
0.11533 6.920 0.11533 8.788 0.32397 54.0624 
0.11576 6.946 0.11576 8.787 0.32439 53.8688 
0.11620 6.972 0.11620 8.786 0.32471 53.6739 
0.11664 6.998 0.11664 8.786 0.32524 53.4862 
0.11708 7.025 0.11708 8.786 0.32545 53.2915 
0.11752 7.051 0.11752 8.786 0.32556 53.0954 
0.11796 7.077 0.11796 8.787 0.32545 52.8954 
0.11840 7.104 0.11840 8.788 0.32503 52.6884 
0.11883 7.130 0.11883 8.789 0.32407 52.4692 
0.11927 7.156 0.11927 8.791 0.32269 52.2403 
0.11971 7.183 0.11971 8.790 0.32173 52.0242 
0.12015 7.209 0.12015 8.791 0.32088 51.8123 
0.12059 7.235 0.12059 8.792 0.32046 51.6129 
0.12103 7.262 0.12103 8.792 0.32003 51.4150 
0.12146 7.288 0.12146 8.791 0.32014 51.2322 
0.12190 7.314 0.12190 8.791 0.32035 51.0533 
0.12234 7.340 0.12234 8.793 0.31982 50.8568 
0.12278 7.367 0.12278 8.792 0.31940 50.6642 
0.12322 7.393 0.12322 8.793 0.31886 50.4704 
0.12366 7.419 0.12366 8.793 0.31897 50.2941 
0.12410 7.446 0.12410 8.792 0.31887 50.1137 
0.12453 7.472 0.12453 8.792 0.31929 49.9480 
0.12497 7.498 0.12497 8.791 0.31993 49.7888 
0.12541 7.525 0.12541 8.791 0.32046 49.6279 
0.12585 7.551 0.12585 8.792 0.32046 49.4550 
187 
Time 
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(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht) 
0.12629 7.577 0.12629 8.791 0.32046 49.2831 
0.12673 7.604 0.12673 8.792 0.32014 49.1047 
0.12717 7.630 0.12717 8.792 0.31993 48.9302 
0.12760 7.656 0.12760 8.791 0.31982 48.7595 
0.12804 7.683 0.12804 8.790 0.32025 48.6029 
0.12848 7.709 0.12848 8.792 0.32046 48.4422 
0.12892 7.735 0.12892 8.792 0.32014 48.2697 
0.12936 7.761 0.12936 8.792 0.31950 48.0907 
0.12980 7.788 0.12980 8.792 0.31940 47.9256 
0.13023 7.814 0.13023 8.790 0.32003 47.7795 
0.13067 7.840 0.13067 8.790 0.32067 47.6345 
0.13111 7.867 0.13111 8.788 0.32216 47.5105 
0.13155 7.893 0.13155 8.786 0.32354 47.3846 
0.13199 7.919 0.13199 8.786 0.32492 47.2596 
0.13243 7.946 0.13243 8.786 0.32545 47.1154 
0.13287 7.972 0.13287 8.786 0.32556 46.9624 
0.13330 7.998 0.13330 8.783 0.32652 46.8298 
0.13374 8.025 0.13374 8.784 0.32715 46.6908 
0.13418 8.051 0.13418 8.783 0.32800 46.5576 
0.13462 8.077 0.13462 8.782 0.32864 46.4204 
0.13506 8.103 0.13506 8.782 0.32939 46.2865 
0.13550 8.130 0.13550 8.783 0.32939 46.1367 
0.13594 8.156 0.13594 8.784 0.32843 45.9665 
0.13637 8.182 0.13637 8.783 0.32811 45.8116 
0.13681 8.209 0.13681 8.783 0.32832 45.6694 
0.13725 8.235 0.13725 8.783 0.32886 45.5352 
0.13769 8.261 0.13769 8.784 0.32843 45.3809 
0.13813 8.288 0.13813 8.783 0.32822 45.2321 
0.13857 8.314 0.13857 8.785 0.32758 45.0749 
0.13900 8.340 0.13900 8.788 0.32641 44.9071 
0.13944 8.367 0.13944 8.788 0.32503 44.7355 
0.13988 8.393 0.13988 8.788 0.32386 44.5695 
0.14032 8.419 0.14032 8.789 0.32354 44.4231 
0.14076 8.446 0.14076 8.792 0.32216 44.2543 
0.14120 8.472 0.14120 8.792 0.32099 44.0911 
0.14164 8.498 0.14164 8.789 0.32078 43.9500 
0.14207 8.524 0.14207 8.789 0.32163 43.8330 
0.14251 8.551 0.14251 8.789 0.32269 43.7213 
0.14295 8.577 0.14295 8.787 0.32354 43.6056 
0.14339 8.603 0.14339 8.784 0.32535 43.5111 
0.14383 8.630 0.14383 8.783 0.32726 43.4191 
0.14427 8.656 0.14427 8.782 0.32886 43.3208 
0.14471 8.682 0.14471 8.781 0.32992 43.2119 
0.14514 8.709 0.14514 8.779 0.33109 43.1057 
0.14558 8.735 0.14558 8.779 0.33194 42.9935 
0.14602 8.761 0.14602 8.781 0.33173 42.8600 
0.14646 8.788 0.14646 8.782 0.33098 42.7163 
0.14690 8.814 0.14690 8.782 0.33013 42.5712 
0.14734 8.840 0.14734 8.783 0.32971 42.4358 
0.14777 8.866 0.14777 8.784 0.32875 42.2902 
0.14821 8.893 0.14821 8.784 0.32800 42.1498 
0.14865 8.919 0.14865 8.783 0.32768 42.0189 
0.14909 8.945 0.14909 8.784 0.32768 41.8953 
0.14953 8.972 0.14953 8.783 0.32800 41.7790 
0.14997 8.998 0.14997 8.783 0.32822 41.6612 
0.15041 9.024 0.15041 8.782 0.32896 41.5547 
0.15084 9.051 0.15084 8.782 0.32949 41.4446 
0.15128 9.077 0.15128 8.782 0.32992 41.3330 
0.15172 9.103 0.15172 8.782 0.33002 41.2157 
0.15216 9.130 0.15216 8.781 0.33034 41.1033 
0.15260 9.156 0.15260 8.783 0.33002 40.9788 
0.15304 9.182 0.15304 8.783 0.32960 40.8530 
0.15348 9.209 0.15348 8.784 0.32854 40.7153 
0.15391 9.235 0.15391 8.785 0.32779 40.5845 
0.15435 9.261 0.15435 8.784 0.32747 40.4629 
0.15479 9.287 0.15479 8.785 0.32715 40.3419 
0.15523 9.314 0.15523 8.786 0.32684 40.2217 
0.15567 9.340 0.15567 8.786 0.32609 40.0938 
0.15611 9.366 0.15611 8.786 0.32556 39.9707 
0.15654 9.393 0.15654 8.787 0.32503 39.8484 
0.15698 9.419 0.15698 8.789 0.32418 39.7204 
0.15742 9.445 0.15742 8.790 0.32311 39.5888 
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0.15786 9.472 0.15786 8.787 0.32322 39.4809 
0.15830 9.498 0.15830 8.786 0.32407 39.3881 
0.15874 9.524 0.15874 8.786 0.32535 39.3041 
0.15918 9.551 0.15918 8.785 0.32588 39.2061 
0.15961 9.577 0.15961 8.785 0.32641 39.1086 
0.16005 9.603 0.16005 8.785 0.32673 39.0076 
0.16049 9.629 0.16049 8.784 0.32705 38.9071 
0.16093 9.656 0.16093 8.783 0.32758 38.8111 
0.16137 9.682 0.16137 8.781 0.32886 38.7297 
0.16181 9.708 0.16181 8.780 0.33024 38.6507 
0.16225 9.735 0.16225 8.782 0.33056 38.5522 
0.16268 9.761 0.16268 8.782 0.33024 38.4423 
0.16312 9.787 0.16312 8.782 0.32981 38.3311 
0.16356 9.814 0.16356 8.781 0.33013 38.2343 
0.16400 9.840 0.16400 8.781 0.33056 38.1399 
0.16444 9.866 0.16444 8.781 0.33087 38.0440 
0.16488 9.893 0.16488 8.782 0.33077 37.9409 
0.16531 9.919 0.16531 8.783 0.32992 37.8246 
0.16575 9.945 0.16575 8.783 0.32907 37.7090 
0.16619 9.972 0.16619 8.782 0.32896 37.6076 
0.16663 9.998 0.16663 8.779 0.33024 37.5319 
0.16707 10.024 0.16707 8.779 0.33162 37.4584 
0.16751 10.050 0.16751 8.779 0.33268 37.3794 
0.16795 10.077 0.16795 8.780 0.33247 37.2779 
0.16838 10.103 0.16838 8.780 0.33215 37.1752 
0.16882 10.129 0.16882 8.779 0.33215 37.0786 
0.16926 10.156 0.16926 8.778 0.33289 36.9958 
0.16970 10.182 0.16970 8.778 0.33364 36.9134 
0.17014 10.208 0.17014 8.778 0.33385 36.8220 
0.17058 10.235 0.17058 8.779 0.33353 36.7218 
0.17102 10.261 0.17102 8.780 0.33268 36.6127 
0.17145 10.287 0.17145 8.781 0.33183 36.5040 
0.17189 10.314 0.17189 8.783 0.33045 36.3866 
0.17233 10.340 0.17233 8.781 0.33024 36.2903 
0.17277 10.366 0.17277 8.781 0.33002 36.1945 
0.17321 10.392 0.17321 8.782 0.33024 36.1066 
0.17365 10.419 0.17365 8.782 0.32981 36.0080 
0.17408 10.445 0.17408 8.781 0.33002 35.9210 
0.17452 10.471 0.17452 8.780 0.33066 35.8419 
0.17496 10.498 0.17496 8.781 0.33119 35.7611 
0.17540 10.524 0.17540 8.781 0.33098 35.6681 
0.17584 10.550 0.17584 8.781 0.33066 35.5736 
0.17628 10.577 0.17628 8.781 0.33045 35.4815 
0.17672 10.603 0.17672 8.783 0.32992 35.3844 
0.17715 10.629 0.17715 8.783 0.32949 35.2895 
0.17759 10.656 0.17759 8.782 0.32928 35.1988 
0.17803 10.682 0.17803 8.783 0.32939 35.1139 
0.17847 10.708 0.17847 8.783 0.32907 35.0221 
0.17891 10.735 0.17891 8.783 0.32854 34.9272 
0.17935 10.761 0.17935 8.783 0.32832 34.8382 
0.17979 10.787 0.17979 8.783 0.32854 34.7569 
0.18022 10.813 0.18022 8.783 0.32875 34.6759 
0.18066 10.840 0.18066 8.782 0.32907 34.5972 
0.18110 10.866 0.18110 8.782 0.32939 34.5187 
0.18154 10.892 0.18154 8.782 0.32981 34.4425 
0.18198 10.919 0.18198 8.781 0.33034 34.3683 
0.18242 10.945 0.18242 8.781 0.33056 34.2892 
0.18285 10.971 0.18285 8.781 0.33066 34.2088 
0.18329 10.998 0.18329 8.780 0.33098 34.1322 
0.18373 11.024 0.18373 8.781 0.33109 34.0525 
0.18417 11.050 0.18417 8.781 0.33109 33.9714 
0.18461 11.077 0.18461 8.781 0.33077 33.8855 
0.18505 11.103 0.18505 8.780 0.33098 33.8087 
0.18549 11.129 0.18549 8.779 0.33183 33.7426 
0.18592 11.155 0.18592 8.777 0.33300 33.6819 
0.18636 11.182 0.18636 8.778 0.33364 33.6129 
0.18680 11.208 0.18680 8.776 0.33438 33.5459 
0.18724 11.234 0.18724 8.775 0.33513 33.4793 
0.18768 11.261 0.18768 8.776 0.33608 33.4162 
0.18812 11.287 0.18812 8.774 0.33704 33.3535 
0.18856 11.313 0.18856 8.772 0.33789 33.2893 
0.18899 11.340 0.18899 8.773 0.33864 33.2236 
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0.18943 11.366 0.18943 8.773 0.33874 33.1483 
0.18987 11.392 0.18987 8.774 0.33821 33.0635 
0.19031 11.419 0.19031 8.775 0.33768 32.9791 
0.19075 11.445 0.19075 8.774 0.33747 32.9000 
0.19119 11.471 0.19119 8.773 0.33789 32.8311 
0.19162 11.497 0.19162 8.773 0.33853 32.7659 
0.19206 11.524 0.19206 8.773 0.33885 32.6960 
0.19250 11.550 0.19250 8.774 0.33842 32.6149 
0.19294 11.576 0.19294 8.775 0.33779 32.5310 
0.19338 11.603 0.19338 8.775 0.33704 32.4459 
0.19382 11.629 0.19382 8.775 0.33683 32.3692 
0.19426 11.655 0.19426 8.775 0.33683 32.2961 
0.19469 11.682 0.19469 8.776 0.33662 32.2202 
0.19513 11.708 0.19513 8.777 0.33587 32.1364 
0.19557 11.734 0.19557 8.779 0.33449 32.0433 
0.19601 11.761 0.19601 8.780 0.33321 31.9520 
0.19645 11.787 0.19645 8.779 0.33236 31.8677 
0.19689 11.813 0.19689 8.780 0.33204 31.7919 
0.19733 11.840 0.19733 8.778 0.33247 31.7277 
0.19776 11.866 0.19776 8.779 0.33247 31.6574 
0.19820 11.892 0.19820 8.781 0.33226 31.5842 
0.19864 11.918 0.19864 8.780 0.33162 31.5048 
0.19908 11.945 0.19908 8.780 0.33151 31.4337 
0.19952 11.971 0.19952 8.779 0.33194 31.3710 
0.19996 11.997 0.19996 8.778 0.33279 31.3150 
0.20039 12.024 0.20039 8.778 0.33343 31.2561 
0.20083 12.050 0.20083 8.779 0.33364 31.1910 
0.20127 12.076 0.20127 8.777 0.33385 31.1262 
0.20171 12.103 0.20171 8.779 0.33332 31.0507 
0.20215 12.129 0.20215 8.777 0.33385 30.9912 
0.20259 12.155 0.20259 8.776 0.33417 30.9288 
0.20303 12.182 0.20303 8.776 0.33534 30.8792 
0.20346 12.208 0.20346 8.776 0.33566 30.8173 
0.20390 12.234 0.20390 8.776 0.33555 30.7495 
0.20434 12.260 0.20434 8.776 0.33566 30.6851 
0.20478 12.287 0.20478 8.775 0.33608 30.6256 
0.20522 12.313 0.20522 8.774 0.33693 30.5725 
0.20566 12.339 0.20566 8.775 0.33704 30.5088 
0.20610 12.366 0.20610 8.774 0.33725 30.4469 
0.20653 12.392 0.20653 8.774 0.33715 30.3807 
0.20697 12.418 0.20697 8.774 0.33757 30.3225 
0.20741 12.445 0.20741 8.775 0.33747 30.2569 
0.20785 12.471 0.20785 8.775 0.33725 30.1900 
0.20829 12.497 0.20829 8.775 0.33683 30.1204 
0.20873 12.524 0.20873 8.778 0.33577 30.0420 
0.20916 12.550 0.20916 8.779 0.33438 29.9593 
0.20960 12.576 0.20960 8.780 0.33290 29.8753 
0.21004 12.603 0.21004 8.778 0.33279 29.8114 
0.21048 12.629 0.21048 8.777 0.33332 29.7569 
0.21092 12.655 0.21092 8.779 0.33353 29.6980 
0.21136 12.681 0.21136 8.780 0.33279 29.6259 
0.21180 12.708 0.21180 8.779 0.33215 29.5555 
0.21223 12.734 0.21223 8.780 0.33183 29.4899 
0.21267 12.760 0.21267 8.779 0.33226 29.4351 
0.21311 12.787 0.21311 8.779 0.33236 29.3760 
0.21355 12.813 0.21355 8.778 0.33290 29.3232 
0.21399 12.839 0.21399 8.779 0.33300 29.2646 
0.21443 12.866 0.21443 8.779 0.33311 29.2062 
0.21487 12.892 0.21487 8.781 0.33236 29.1362 
0.21530 12.918 0.21530 8.780 0.33183 29.0695 
0.21574 12.945 0.21574 8.779 0.33162 29.0074 
0.21618 12.971 0.21618 8.779 0.33205 28.9545 
0.21662 12.997 0.21662 8.779 0.33236 28.9003 
0.21706 13.023 0.21706 8.779 0.33236 28.8419 
0.21750 13.050 0.21750 8.778 0.33268 28.7882 
0.21793 13.076 0.21793 8.778 0.33311 28.7361 
0.21837 13.102 0.21837 8.778 0.33353 28.6843 
0.21881 13.129 0.21881 8.779 0.33322 28.6224 
0.21925 13.155 0.21925 8.777 0.33343 28.5681 
0.21969 13.181 0.21969 8.776 0.33407 28.5198 
0.22013 13.208 0.22013 8.778 0.33460 28.4701 
0.22057 13.234 0.22057 8.779 0.33417 28.4078 
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0.22100 13.260 0.22100 8.778 0.33343 28.3413 
0.22144 13.287 0.22144 8.778 0.33321 28.2823 
0.22188 13.313 0.22188 8.778 0.33343 28.2293 
0.22232 13.339 0.22232 8.781 0.33268 28.1636 
0.22276 13.365 0.22276 8.781 0.33173 28.0952 
0.22320 13.392 0.22320 8.779 0.33130 28.0343 
0.22364 13.418 0.22364 8.780 0.33162 27.9836 
0.22407 13.444 0.22407 8.780 0.33204 27.9345 
0.22451 13.471 0.22451 8.778 0.33236 27.8843 
0.22495 13.497 0.22495 8.778 0.33300 27.8384 
0.22539 13.523 0.22539 8.777 0.33396 27.7970 
0.22583 13.550 0.22583 8.777 0.33428 27.7473 
0.22627 13.576 0.22627 8.777 0.33438 27.6949 
0.22670 13.602 0.22670 8.776 0.33481 27.6470 
0.22714 13.629 0.22714 8.776 0.33534 27.6005 
0.22758 13.655 0.22758 8.775 0.33608 27.5571 
0.22802 13.681 0.22802 8.775 0.33640 27.5083 
0.22846 13.708 0.22846 8.776 0.33630 27.4541 
0.22890 13.734 0.22890 8.777 0.33566 27.3932 
0.22934 13.760 0.22934 8.777 0.33491 27.3312 
0.22977 13.786 0.22977 8.776 0.33481 27.2776 
0.23021 13.813 0.23021 8.776 0.33502 27.2284 
0.23065 13.839 0.23065 8.778 0.33481 27.1739 
0.23109 13.865 0.23109 8.778 0.33438 27.1168 
0.23153 13.892 0.23153 8.776 0.33470 27.0696 
0.23197 13.918 0.23197 8.777 0.33502 27.0225 
0.23241 13.944 0.23241 8.777 0.33534 26.9756 
0.23284 13.971 0.23284 8.776 0.33534 26.9248 
0.23328 13.997 0.23328 8.774 0.33619 26.8851 
0.23372 14.023 0.23372 8.774 0.33715 26.8468 
0.23416 14.050 0.23416 8.776 0.33715 26.7965 
0.23460 14.076 0.23460 8.777 0.33630 26.7356 
0.23504 14.102 0.23504 8.777 0.33534 26.6737 
0.23547 14.128 0.23547 8.777 0.33491 26.6186 
0.23591 14.155 0.23591 8.779 0.33428 26.5610 
0.23635 14.181 0.23635 8.778 0.33396 26.5077 
0.23679 14.207 0.23679 8.777 0.33375 26.4560 
0.23723 14.234 0.23723 8.777 0.33428 26.4138 
0.23767 14.260 0.23767 8.779 0.33396 26.3610 
0.23811 14.286 0.23811 8.780 0.33311 26.3017 
0.23854 14.313 0.23854 8.780 0.33215 26.2413 
0.23898 14.339 0.23898 8.780 0.33172 26.1878 
0.23942 14.365 0.23942 8.779 0.33204 26.1439 
0.23986 14.392 0.23986 8.778 0.33258 26.1028 
0.24030 14.418 0.24030 8.778 0.33321 26.0631 
0.24074 14.444 0.24074 8.780 0.33279 26.0103 
0.24118 14.471 0.24118 8.783 0.33141 25.9458 
0.24161 14.497 0.24161 8.783 0.32960 25.8760 
0.24205 14.523 0.24205 8.782 0.32896 25.8212 
0.24249 14.549 0.24249 8.782 0.32928 25.7785 
0.24293 14.576 0.24293 8.780 0.33034 25.7452 
0.24337 14.602 0.24337 8.779 0.33141 25.7121 
0.24381 14.628 0.24381 8.778 0.33258 25.6803 
0.24424 14.655 0.24424 8.778 0.33321 25.6420 
0.24468 14.681 0.24468 8.778 0.33353 25.5999 
0.24512 14.707 0.24512 8.776 0.33406 25.5606 
0.24556 14.734 0.24556 8.776 0.33492 25.5253 
0.24600 14.760 0.24600 8.777 0.33534 25.4850 
0.24644 14.786 0.24644 8.777 0.33523 25.4384 
0.24688 14.813 0.24688 8.776 0.33502 25.3906 
0.24731 14.839 0.24731 8.777 0.33491 25.3443 
0.24775 14.865 0.24775 8.776 0.33502 25.3007 
0.24819 14.891 0.24819 8.778 0.33460 25.2509 
0.24863 14.918 0.24863 8.778 0.33438 25.2038 
0.24907 14.944 0.24907 8.778 0.33396 25.1543 
0.24951 14.970 0.24951 8.779 0.33353 25.1050 
0.24995 14.997 0.24995 8.778 0.33332 25.0584 
0.25038 15.023 0.25038 8.776 0.33385 25.0209 
0.25082 15.049 0.25082 8.776 0.33492 24.9899 
0.25126 15.076 0.25126 8.777 0.33545 24.9525 
0.25170 15.102 0.25170 8.777 0.33513 24.9053 
0.25214 15.128 0.25214 8.778 0.33449 24.8544 
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0.25258 15.155 0.25258 8.777 0.33428 24.8088 
0.25301 15.181 0.25301 8.777 0.33438 24.7670 
0.25345 15.207 0.25345 8.776 0.33513 24.7329 
0.25389 15.233 0.25389 8.776 0.33577 24.6977 
0.25433 15.260 0.25433 8.778 0.33545 24.6514 
0.25477 15.286 0.25477 8.779 0.33438 24.5965 
0.25521 15.312 0.25521 8.779 0.33332 24.5418 
0.25565 15.339 0.25565 8.777 0.33364 24.5034 
0.25608 15.365 0.25608 8.776 0.33470 24.4739 
0.25652 15.391 0.25652 8.776 0.33577 24.4444 
0.25696 15.418 0.25696 8.776 0.33598 24.4052 
0.25740 15.444 0.25740 8.776 0.33587 24.3624 
0.25784 15.470 0.25784 8.777 0.33545 24.3160 
0.25828 15.497 0.25828 8.775 0.33577 24.2784 
0.25872 15.523 0.25872 8.772 0.33704 24.2519 
0.25915 15.549 0.25915 8.771 0.33906 24.2339 
0.25959 15.576 0.25959 8.772 0.34023 24.2062 
0.26003 15.602 0.26003 8.771 0.34055 24.1690 
0.26047 15.628 0.26047 8.770 0.34065 24.1295 
0.26091 15.654 0.26091 8.769 0.34150 24.0985 
0.26135 15.681 0.26135 8.768 0.34246 24.0688 
0.26178 15.707 0.26178 8.769 0.34289 24.0332 
0.26222 15.733 0.26222 8.769 0.34278 23.9918 
0.26266 15.760 0.26266 8.770 0.34225 23.9459 
0.26310 15.786 0.26310 8.770 0.34182 23.9013 
0.26354 15.812 0.26354 8.771 0.34129 23.8556 
0.26398 15.839 0.26398 8.770 0.34108 23.8136 
0.26442 15.865 0.26442 8.773 0.34034 23.7659 
0.26485 15.891 0.26485 8.775 0.33906 23.7123 
0.26529 15.918 0.26529 8.776 0.33736 23.6542 
0.26573 15.944 0.26573 8.776 0.33640 23.6045 
0.26617 15.970 0.26617 8.775 0.33630 23.5644 
0.26661 15.996 0.26661 8.774 0.33683 23.5316 
0.26705 16.023 0.26705 8.774 0.33725 23.4976 
0.26749 16.049 0.26749 8.774 0.33779 23.4650 
0.26792 16.075 0.26792 8.774 0.33768 23.4254 
0.26836 16.102 0.26836 8.773 0.33821 23.3930 
0.26880 16.128 0.26880 8.772 0.33874 23.3607 
0.26924 16.154 0.26924 8.771 0.33991 23.3354 
0.26968 16.181 0.26968 8.770 0.34076 23.3067 
0.27012 16.207 0.27012 8.772 0.34066 23.2678 
0.27055 16.233 0.27055 8.772 0.34023 23.2254 
0.27099 16.260 0.27099 8.773 0.33927 23.1775 
0.27143 16.286 0.27143 8.772 0.33949 23.1424 
0.27187 16.312 0.27187 8.772 0.33949 23.1050 
0.27231 16.339 0.27231 8.772 0.33991 23.0724 
0.27275 16.365 0.27275 8.773 0.33959 23.0319 
0.27319 16.391 0.27319 8.772 0.33970 22.9960 
0.27362 16.417 0.27362 8.772 0.33959 22.9580 
0.27406 16.444 0.27406 8.772 0.33970 22.9225 
0.27450 16.470 0.27450 8.771 0.33981 22.8870 
0.27494 16.496 0.27494 8.773 0.33949 22.8471 
0.27538 16.523 0.27538 8.771 0.33991 22.8152 
0.27582 16.549 0.27582 8.773 0.33949 22.7744 
0.27626 16.575 0.27626 8.772 0.33991 22.7428 
0.27669 16.602 0.27669 8.772 0.33970 22.7045 
0.27713 16.628 0.27713 8.772 0.33980 22.6697 
0.27757 16.654 0.27757 8.771 0.33991 22.6350 
0.27801 16.681 0.27801 8.772 0.33991 22.5993 
0.27845 16.707 0.27845 8.772 0.34012 22.5660 
0.27889 16.733 0.27889 8.771 0.34034 22.5327 
0.27932 16.759 0.27932 8.768 0.34140 22.5085 
0.27976 16.786 0.27976 8.771 0.34172 22.4766 
0.28020 16.812 0.28020 8.772 0.34119 22.4358 
0.28064 16.838 0.28064 8.774 0.33927 22.3807 
0.28108 16.865 0.28108 8.774 0.33821 22.3347 
0.28152 16.891 0.28152 8.774 0.33778 22.2954 
0.28196 16.917 0.28196 8.774 0.33800 22.2630 
0.28239 16.944 0.28239 8.775 0.33778 22.2262 
0.28283 16.970 0.28283 8.776 0.33704 22.1839 
0.28327 16.996 0.28327 8.775 0.33661 22.1451 
0.28371 17.023 0.28371 8.775 0.33640 22.1086 
192 
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(min) 
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(sec) 
Cumulative 
Delta Time(min) 
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(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht) 
0.28415 17.049 0.28415 8.774 0.33704 22.0812 
0.28459 17.075 0.28459 8.771 0.33821 22.0593 
0.28503 17.102 0.28503 8.770 0.34002 22.0441 
0.28546 17.128 0.28546 8.769 0.34150 22.0256 
0.28590 17.154 0.28590 8.768 0.34246 22.0016 
0.28634 17.180 0.28634 8.769 0.34278 21.9711 
0.28678 17.207 0.28678 8.768 0.34331 21.9429 
0.28722 17.233 0.28722 8.767 0.34374 21.9137 
0.28766 17.259 0.28766 8.767 0.34437 21.8868 
0.28809 17.286 0.28809 8.767 0.34459 21.8556 
0.28853 17.312 0.28853 8.769 0.34406 21.8170 
0.28897 17.338 0.28897 8.770 0.34299 21.7732 
0.28941 17.365 0.28941 8.769 0.34225 21.7327 
0.28985 17.391 0.28985 8.770 0.34193 21.6966 
0.29029 17.417 0.29029 8.769 0.34235 21.6681 
0.29073 17.444 0.29073 8.769 0.34257 21.6376 
0.29116 17.470 0.29116 8.768 0.34321 21.6114 
0.29160 17.496 0.29160 8.768 0.34363 21.5831 
0.29204 17.522 0.29204 8.768 0.34395 21.5539 
0.29248 17.549 0.29248 8.767 0.34416 21.5237 
0.29292 17.575 0.29292 8.766 0.34459 21.4957 
0.29336 17.601 0.29336 8.766 0.34533 21.4709 
0.29380 17.628 0.29380 8.767 0.34554 21.4410 
0.29423 17.654 0.29423 8.765 0.34586 21.4121 
0.29467 17.680 0.29467 8.766 0.34565 21.3782 
0.29511 17.707 0.29511 8.767 0.34544 21.3443 
0.29555 17.733 0.29555 8.768 0.34448 21.3033 
0.29599 17.759 0.29599 8.767 0.34437 21.2707 
0.29643 17.786 0.29643 8.767 0.34448 21.2403 
0.29686 17.812 0.29686 8.767 0.34491 21.2130 
0.29730 17.838 0.29730 8.767 0.34480 21.1807 
0.29774 17.865 0.29774 8.765 0.34533 21.1547 
0.29818 17.891 0.29818 8.765 0.34597 21.1298 
0.29862 17.917 0.29862 8.766 0.34639 21.1029 
0.29906 17.943 0.29906 8.766 0.34618 21.0699 
0.29950 17.970 0.29950 8.766 0.34597 21.0370 
0.29993 17.996 0.29993 8.764 0.34661 21.0123 
0.30037 18.022 0.30037 8.765 0.34692 20.9847 
0.30081 18.049 0.30081 8.763 0.34778 20.9623 
0.30125 18.075 0.30125 8.763 0.34799 20.9338 
0.30169 18.101 0.30169 8.763 0.34863 20.9094 
0.30213 18.128 0.30213 8.764 0.34841 20.8771 
0.30257 18.154 0.30257 8.763 0.34831 20.8458 
0.30300 18.180 0.30300 8.764 0.34788 20.8116 
0.30344 18.207 0.30344 8.764 0.34777 20.7805 
0.30388 18.233 0.30388 8.763 0.34788 20.7515 
0.30432 18.259 0.30432 8.765 0.34767 20.7196 
0.30476 18.285 0.30476 8.765 0.34735 20.6868 
0.30520 18.312 0.30520 8.767 0.34607 20.6450 
0.30563 18.338 0.30563 8.768 0.34522 20.6074 
0.30607 18.364 0.30607 8.767 0.34469 20.5728 
0.30651 18.391 0.30651 8.768 0.34448 20.5414 
0.30695 18.417 0.30695 8.768 0.34448 20.5120 
0.30739 18.443 0.30739 8.765 0.34501 20.4878 
0.30783 18.470 0.30783 8.765 0.34576 20.4656 
0.30827 18.496 0.30827 8.766 0.34629 20.4415 
0.30870 18.522 0.30870 8.766 0.34608 20.4104 
0.30914 18.549 0.30914 8.767 0.34554 20.3765 
0.30958 18.575 0.30958 8.767 0.34522 20.3447 
0.31002 18.601 0.31002 8.766 0.34512 20.3149 
0.31046 18.628 0.31046 8.767 0.34501 20.2852 
0.31090 18.654 0.31090 8.768 0.34469 20.2536 
0.31134 18.680 0.31134 8.769 0.34363 20.2152 
0.31177 18.706 0.31177 8.770 0.34267 20.1778 
0.31221 18.733 0.31221 8.770 0.34204 20.1435 
0.31265 18.759 0.31265 8.771 0.34150 20.1103 
0.31309 18.785 0.31309 8.770 0.34150 20.0821 
0.31353 18.812 0.31353 8.768 0.34204 20.0590 
0.31397 18.838 0.31397 8.768 0.34278 20.0379 
0.31440 18.864 0.31440 8.768 0.34331 20.0149 
0.31484 18.891 0.31484 8.768 0.34352 19.9890 
0.31528 18.917 0.31528 8.766 0.34427 19.9680 
193 
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Delta h (ft) (1/t)ln(H0/Ht) 
0.31572 18.943 0.31572 8.765 0.34544 19.9510 
0.31616 18.970 0.31616 8.765 0.34629 19.9311 
0.31660 18.996 0.31660 8.766 0.34629 19.9035 
0.31704 19.022 0.31704 8.764 0.34671 19.8799 
0.31747 19.048 0.31747 8.764 0.34714 19.8563 
0.31791 19.075 0.31791 8.764 0.34788 19.8356 
0.31835 19.101 0.31835 8.763 0.34799 19.8092 
0.31879 19.127 0.31879 8.764 0.34788 19.7810 
0.31923 19.154 0.31923 8.764 0.34778 19.7529 
0.31967 19.180 0.31967 8.765 0.34724 19.7210 
0.32011 19.206 0.32011 8.766 0.34671 19.6893 
0.32054 19.233 0.32054 8.768 0.34565 19.6527 
0.32098 19.259 0.32098 8.768 0.34480 19.6182 
0.32142 19.285 0.32142 8.769 0.34363 19.5809 
0.32186 19.312 0.32186 8.768 0.34363 19.5542 
0.32230 19.338 0.32230 8.768 0.34342 19.5257 
0.32274 19.364 0.32274 8.768 0.34384 19.5030 
0.32317 19.390 0.32317 8.767 0.34416 19.4794 
0.32361 19.417 0.32361 8.768 0.34438 19.4549 
0.32405 19.443 0.32405 8.769 0.34406 19.4257 
0.32449 19.469 0.32449 8.768 0.34363 19.3956 
0.32493 19.496 0.32493 8.767 0.34384 19.3714 
0.32537 19.522 0.32537 8.765 0.34501 19.3557 
0.32581 19.548 0.32581 8.766 0.34554 19.3344 
0.32624 19.575 0.32624 8.768 0.34512 19.3046 
0.32668 19.601 0.32668 8.767 0.34459 19.2740 
0.32712 19.627 0.32712 8.768 0.34406 19.2434 
0.32756 19.654 0.32756 8.771 0.34310 19.2092 
0.32800 19.680 0.32800 8.770 0.34214 19.1750 
0.32844 19.706 0.32844 8.769 0.34172 19.1456 
0.32888 19.733 0.32888 8.769 0.34236 19.1257 
0.32931 19.759 0.32931 8.767 0.34331 19.1087 
0.32975 19.785 0.32975 8.768 0.34352 19.0852 
0.33019 19.811 0.33019 8.769 0.34363 19.0608 
0.33063 19.838 0.33063 8.769 0.34299 19.0299 
0.33107 19.864 0.33107 8.769 0.34289 19.0038 
0.33151 19.890 0.33151 8.768 0.34331 18.9823 
0.33194 19.917 0.33194 8.767 0.34406 18.9638 
0.33238 19.943 0.33238 8.767 0.34480 18.9453 
0.33282 19.969 0.33282 8.764 0.34597 18.9305 
0.33326 19.996 0.33326 8.765 0.34661 18.9111 
0.33370 20.022 0.33370 8.768 0.34629 18.8835 
0.33414 20.048 0.33414 8.766 0.34554 18.8523 
0.33458 20.075 0.33458 8.765 0.34554 18.8276 
0.33501 20.101 0.33501 8.764 0.34671 18.8130 
0.33545 20.127 0.33545 8.764 0.34746 18.7948 
0.33589 20.153 0.33589 8.765 0.34724 18.7685 
0.33633 20.180 0.33633 8.763 0.34756 18.7467 
0.33677 20.206 0.33677 8.764 0.34767 18.7232 
0.33721 20.232 0.33721 8.764 0.34809 18.7025 
0.33765 20.259 0.33765 8.763 0.34799 18.6773 
0.33808 20.285 0.33808 8.763 0.34820 18.6549 
0.33852 20.311 0.33852 8.762 0.34873 18.6352 
0.33896 20.338 0.33896 8.763 0.34884 18.6120 
0.33940 20.364 0.33940 8.762 0.34905 18.5898 
0.33984 20.390 0.33984 8.763 0.34873 18.5631 
0.34028 20.417 0.34028 8.764 0.34852 18.5374 
0.34071 20.443 0.34071 8.764 0.34799 18.5090 
0.34115 20.469 0.34115 8.766 0.34724 18.4790 
0.34159 20.495 0.34159 8.767 0.34608 18.4454 
0.34203 20.522 0.34203 8.768 0.34491 18.4118 
0.34247 20.548 0.34247 8.768 0.34416 18.3819 
0.34291 20.574 0.34291 8.768 0.34406 18.3575 
0.34335 20.601 0.34335 8.769 0.34363 18.3305 
0.34378 20.627 0.34378 8.770 0.34299 18.3017 
0.34422 20.653 0.34422 8.770 0.34204 18.2703 
0.34466 20.680 0.34466 8.769 0.34193 18.2462 
0.34510 20.706 0.34510 8.770 0.34193 18.2230 
0.34554 20.732 0.34554 8.767 0.34299 18.2088 
0.34598 20.759 0.34598 8.766 0.34395 18.1938 
0.34642 20.785 0.34642 8.767 0.34501 18.1797 
0.34685 20.811 0.34685 8.766 0.34554 18.1611 
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0.34729 20.838 0.34729 8.766 0.34554 18.1382 
0.34773 20.864 0.34773 8.765 0.34618 18.1206 
0.34817 20.890 0.34817 8.764 0.34671 18.1022 
0.34861 20.916 0.34861 8.764 0.34735 18.0847 
0.34905 20.943 0.34905 8.765 0.34714 18.0602 
0.34948 20.969 0.34948 8.765 0.34692 18.0358 
0.34992 20.995 0.34992 8.766 0.34639 18.0088 
0.35036 21.022 0.35036 8.766 0.34607 17.9837 
0.35080 21.048 0.35080 8.767 0.34544 17.9559 
0.35124 21.074 0.35124 8.766 0.34533 17.9326 
0.35168 21.101 0.35168 8.769 0.34448 17.9033 
0.35212 21.127 0.35212 8.768 0.34384 17.8757 
0.35255 21.153 0.35255 8.770 0.34267 17.8438 
0.35299 21.180 0.35299 8.767 0.34321 17.8260 
0.35343 21.206 0.35343 8.768 0.34352 17.8065 
0.35387 21.232 0.35387 8.768 0.34406 17.7888 
0.35431 21.258 0.35431 8.766 0.34448 17.7703 
0.35475 21.285 0.35475 8.766 0.34512 17.7536 
0.35519 21.311 0.35519 8.764 0.34650 17.7429 
0.35562 21.337 0.35562 8.766 0.34661 17.7219 
0.35606 21.364 0.35606 8.765 0.34693 17.7026 
0.35650 21.390 0.35650 8.766 0.34639 17.6766 
0.35694 21.416 0.35694 8.764 0.34693 17.6591 
0.35738 21.443 0.35738 8.766 0.34661 17.6349 
0.35782 21.469 0.35782 8.763 0.34756 17.6210 
0.35825 21.495 0.35825 8.761 0.34873 17.6088 
0.35869 21.522 0.35869 8.763 0.34969 17.5949 
0.35913 21.548 0.35913 8.762 0.34990 17.5751 
0.35957 21.574 0.35957 8.762 0.34927 17.5486 
0.36001 21.601 0.36001 8.761 0.34980 17.5315 
0.36045 21.627 0.36045 8.759 0.35075 17.5177 
0.36089 21.653 0.36089 8.758 0.35213 17.5073 
0.36132 21.679 0.36132 8.760 0.35256 17.4894 
0.36176 21.706 0.36176 8.758 0.35288 17.4707 
0.36220 21.732 0.36220 8.759 0.35277 17.4487 
0.36264 21.758 0.36264 8.760 0.35277 17.4276 
0.36308 21.785 0.36308 8.759 0.35256 17.4049 
0.36352 21.811 0.36352 8.759 0.35235 17.3823 
0.36396 21.837 0.36396 8.759 0.35266 17.3638 
0.36439 21.864 0.36439 8.760 0.35245 17.3413 
0.36483 21.890 0.36483 8.761 0.35181 17.3155 
0.36527 21.916 0.36527 8.762 0.35065 17.2856 
0.36571 21.943 0.36571 8.761 0.35033 17.2624 
0.36615 21.969 0.36615 8.761 0.35043 17.2425 
0.36659 21.995 0.36659 8.761 0.35086 17.2252 
0.36702 22.021 0.36702 8.761 0.35075 17.2038 
0.36746 22.048 0.36746 8.760 0.35097 17.1849 
0.36790 22.074 0.36790 8.760 0.35139 17.1677 
0.36834 22.100 0.36834 8.761 0.35128 17.1465 
0.36878 22.127 0.36878 8.760 0.35128 17.1261 
0.36922 22.153 0.36922 8.759 0.35150 17.1074 
0.36966 22.179 0.36966 8.757 0.35277 17.0969 
0.37009 22.206 0.37009 8.758 0.35362 17.0831 
0.37053 22.232 0.37053 8.758 0.35405 17.0661 
0.37097 22.258 0.37097 8.760 0.35330 17.0403 
0.37141 22.285 0.37141 8.761 0.35235 17.0129 
0.37185 22.311 0.37185 8.762 0.35096 16.9822 
0.37229 22.337 0.37229 8.761 0.35043 16.9582 
0.37273 22.364 0.37273 8.760 0.35054 16.9390 
0.37316 22.390 0.37316 8.760 0.35128 16.9248 
0.37360 22.416 0.37360 8.760 0.35160 16.9074 
0.37404 22.442 0.37404 8.761 0.35128 16.8851 
0.37448 22.469 0.37448 8.762 0.35043 16.8589 
0.37492 22.495 0.37492 8.762 0.34969 16.8335 
0.37536 22.521 0.37536 8.762 0.34926 16.8106 
0.37579 22.548 0.37579 8.762 0.34926 16.7910 
0.37623 22.574 0.37623 8.762 0.34926 16.7714 
0.37667 22.600 0.37667 8.766 0.34820 16.7438 
0.37711 22.627 0.37711 8.766 0.34703 16.7154 
0.37755 22.653 0.37755 8.768 0.34533 16.6830 
0.37799 22.679 0.37799 8.767 0.34491 16.6604 
0.37843 22.706 0.37843 8.766 0.34501 16.6419 
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0.37886 22.732 0.37886 8.766 0.34565 16.6275 
0.37930 22.758 0.37930 8.764 0.34671 16.6164 
0.37974 22.784 0.37974 8.762 0.34799 16.6068 
0.38018 22.811 0.38018 8.761 0.34958 16.5997 
0.38062 22.837 0.38062 8.759 0.35118 16.5925 
0.38106 22.863 0.38106 8.757 0.35277 16.5853 
0.38150 22.890 0.38150 8.756 0.35437 16.5781 
0.38193 22.916 0.38193 8.754 0.35596 16.5708 
0.38237 22.942 0.38237 8.755 0.35649 16.5557 
0.38281 22.969 0.38281 8.757 0.35617 16.5344 
0.38325 22.995 0.38325 8.756 0.35564 16.5116 
0.38369 23.021 0.38369 8.758 0.35468 16.4857 
0.38413 23.048 0.38413 8.759 0.35405 16.4622 
0.38456 23.074 0.38456 8.759 0.35288 16.4348 
0.38500 23.100 0.38500 8.759 0.35256 16.4137 
0.38544 23.127 0.38544 8.759 0.35256 16.3951 
0.38588 23.153 0.38588 8.761 0.35213 16.3733 
0.38632 23.179 0.38632 8.761 0.35171 16.3516 
0.38676 23.205 0.38676 8.761 0.35118 16.3292 
0.38720 23.232 0.38720 8.762 0.35075 16.3075 
0.38763 23.258 0.38763 8.763 0.34990 16.2828 
0.38807 23.284 0.38807 8.764 0.34873 16.2558 
0.38851 23.311 0.38851 8.763 0.34820 16.2335 
0.38895 23.337 0.38895 8.764 0.34778 16.2121 
0.38939 23.363 0.38939 8.766 0.34714 16.1891 
0.38983 23.390 0.38983 8.767 0.34608 16.1631 
0.39027 23.416 0.39027 8.766 0.34565 16.1417 
0.39070 23.442 0.39070 8.765 0.34608 16.1268 
0.39114 23.469 0.39114 8.763 0.34714 16.1165 
0.39158 23.495 0.39158 8.763 0.34810 16.1055 
0.39202 23.521 0.39202 8.761 0.34937 16.0968 
0.39246 23.547 0.39246 8.760 0.35054 16.0874 
0.39290 23.574 0.39290 8.761 0.35118 16.0740 
0.39333 23.600 0.39333 8.760 0.35139 16.0576 
0.39377 23.626 0.39377 8.759 0.35171 16.0421 
0.39421 23.653 0.39421 8.760 0.35203 16.0265 
0.39465 23.679 0.39465 8.761 0.35192 16.0079 
0.39509 23.705 0.39509 8.764 0.35011 15.9771 
0.39553 23.732 0.39553 8.765 0.34831 15.9463 
0.39597 23.758 0.39597 8.763 0.34746 15.9225 
0.39640 23.784 0.39640 8.763 0.34799 15.9088 
0.39684 23.811 0.39684 8.763 0.34863 15.8958 
0.39728 23.837 0.39728 8.764 0.34841 15.8767 
0.39772 23.863 0.39772 8.764 0.34810 15.8569 
0.39816 23.890 0.39816 8.764 0.34788 15.8379 
0.39860 23.916 0.39860 8.762 0.34852 15.8251 
0.39904 23.942 0.39904 8.761 0.34937 15.8138 
0.39947 23.968 0.39947 8.759 0.35096 15.8078 
0.39991 23.995 0.39991 8.759 0.35192 15.7973 
0.40035 24.021 0.40035 8.760 0.35245 15.7838 
0.40079 24.047 0.40079 8.761 0.35192 15.7627 
0.40123 24.074 0.40123 8.760 0.35160 15.7432 
0.40167 24.100 0.40167 8.760 0.35139 15.7245 
0.40210 24.126 0.40210 8.761 0.35128 15.7067 
0.40254 24.153 0.40254 8.761 0.35086 15.6865 
0.40298 24.179 0.40298 8.763 0.34979 15.6619 
0.40342 24.205 0.40342 8.763 0.34916 15.6404 
0.40386 24.232 0.40386 8.762 0.34884 15.6212 
0.40430 24.258 0.40430 8.763 0.34905 15.6057 
0.40474 24.284 0.40474 8.765 0.34831 15.5835 
0.40517 24.310 0.40517 8.764 0.34756 15.5614 
0.40561 24.337 0.40561 8.763 0.34735 15.5431 
0.40605 24.363 0.40605 8.763 0.34810 15.5316 
0.40649 24.389 0.40649 8.762 0.34884 15.5201 
0.40693 24.416 0.40693 8.762 0.34937 15.5071 
0.40737 24.442 0.40737 8.761 0.35011 15.4956 
0.40781 24.468 0.40781 8.761 0.35033 15.4804 
0.40824 24.495 0.40824 8.761 0.35043 15.4645 
0.40868 24.521 0.40868 8.761 0.35043 15.4479 
0.40912 24.547 0.40912 8.760 0.35107 15.4358 
0.40956 24.574 0.40956 8.760 0.35160 15.4230 
0.41000 24.600 0.41000 8.761 0.35160 15.4065 
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0.41044 24.626 0.41044 8.760 0.35139 15.3886 
0.41087 24.652 0.41087 8.761 0.35107 15.3699 
0.41131 24.679 0.41131 8.762 0.35064 15.3506 
0.41175 24.705 0.41175 8.762 0.35011 15.3306 
0.41219 24.731 0.41219 8.761 0.35001 15.3135 
0.41263 24.758 0.41263 8.761 0.35022 15.2987 
0.41307 24.784 0.41307 8.761 0.35043 15.2839 
0.41351 24.810 0.41351 8.761 0.35064 15.2692 
0.41394 24.837 0.41394 8.761 0.35075 15.2538 
0.41438 24.863 0.41438 8.760 0.35107 15.2398 
0.41482 24.889 0.41482 8.760 0.35118 15.2244 
0.41526 24.916 0.41526 8.760 0.35149 15.2105 
0.41570 24.942 0.41570 8.758 0.35235 15.2003 
0.41614 24.968 0.41614 8.758 0.35309 15.1894 
0.41658 24.995 0.41658 8.757 0.35415 15.1806 
0.41701 25.021 0.41701 8.757 0.35436 15.1661 
0.41745 25.047 0.41745 8.756 0.35500 15.1545 
0.41789 25.073 0.41789 8.757 0.35511 15.1393 
0.41833 25.100 0.41833 8.756 0.35532 15.1248 
0.41877 25.126 0.41877 8.757 0.35490 15.1061 
0.41921 25.152 0.41921 8.758 0.35437 15.0867 
0.41964 25.179 0.41964 8.758 0.35394 15.0681 
0.42008 25.205 0.42008 8.760 0.35320 15.0474 
0.42052 25.231 0.42052 8.759 0.35298 15.0303 
0.42096 25.258 0.42096 8.760 0.35235 15.0103 
0.42140 25.284 0.42140 8.760 0.35213 14.9933 
0.42184 25.310 0.42184 8.761 0.35139 14.9726 
0.42228 25.337 0.42228 8.760 0.35118 14.9557 
0.42271 25.363 0.42271 8.761 0.35075 14.9373 
0.42315 25.389 0.42315 8.760 0.35128 14.9254 
0.42359 25.415 0.42359 8.757 0.35224 14.9164 
0.42403 25.442 0.42403 8.757 0.35373 14.9109 
0.42447 25.468 0.42447 8.756 0.35479 14.9026 
0.42491 25.494 0.42491 8.758 0.35458 14.8858 
0.42535 25.521 0.42535 8.760 0.35362 14.8641 
0.42578 25.547 0.42578 8.760 0.35235 14.8403 
0.42622 25.573 0.42622 8.759 0.35203 14.8229 
0.42666 25.600 0.42666 8.759 0.35224 14.8091 
0.42710 25.626 0.42710 8.758 0.35299 14.7988 
0.42754 25.652 0.42754 8.760 0.35267 14.7815 
0.42798 25.679 0.42798 8.763 0.35128 14.7572 
0.42841 25.705 0.42841 8.763 0.34948 14.7301 
0.42885 25.731 0.42885 8.763 0.34841 14.7079 
0.42929 25.758 0.42929 8.761 0.34905 14.6971 
0.42973 25.784 0.42973 8.761 0.35001 14.6885 
0.43017 25.810 0.43017 8.760 0.35118 14.6813 
0.43061 25.836 0.43061 8.761 0.35118 14.6663 
0.43105 25.863 0.43105 8.761 0.35096 14.6500 
0.43148 25.889 0.43148 8.761 0.35033 14.6309 
0.43192 25.915 0.43192 8.761 0.35054 14.6174 
0.43236 25.942 0.43236 8.760 0.35096 14.6054 
0.43280 25.968 0.43280 8.761 0.35128 14.5927 
0.43324 25.994 0.43324 8.761 0.35128 14.5779 
0.43368 26.021 0.43368 8.762 0.35065 14.5590 
0.43412 26.047 0.43412 8.762 0.35022 14.5415 
0.43455 26.073 0.43455 8.763 0.34958 14.5227 
0.43499 26.100 0.43499 8.761 0.35001 14.5108 
0.43543 26.126 0.43543 8.760 0.35054 14.4997 
0.43587 26.152 0.43587 8.760 0.35139 14.4906 
0.43631 26.178 0.43631 8.759 0.35192 14.4795 
0.43675 26.205 0.43675 8.758 0.35277 14.4705 
0.43718 26.231 0.43718 8.758 0.35362 14.4615 
0.43762 26.257 0.43762 8.758 0.35405 14.4498 
0.43806 26.284 0.43806 8.756 0.35447 14.4381 
0.43850 26.310 0.43850 8.755 0.35522 14.4284 
0.43894 26.336 0.43894 8.754 0.35639 14.4215 
0.43938 26.363 0.43938 8.755 0.35670 14.4091 
0.43982 26.389 0.43982 8.755 0.35681 14.3954 
0.44025 26.415 0.44025 8.755 0.35649 14.3791 
0.44069 26.442 0.44069 8.756 0.35617 14.3627 
0.44113 26.468 0.44113 8.756 0.35575 14.3457 
0.44157 26.494 0.44157 8.757 0.35522 14.3281 
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0.44201 26.520 0.44201 8.757 0.35490 14.3119 
0.44245 26.547 0.44245 8.758 0.35426 14.2936 
0.44289 26.573 0.44289 8.758 0.35373 14.2761 
0.44332 26.599 0.44332 8.758 0.35351 14.2606 
0.44376 26.626 0.44376 8.758 0.35351 14.2465 
0.44420 26.652 0.44420 8.759 0.35330 14.2311 
0.44464 26.678 0.44464 8.759 0.35288 14.2143 
0.44508 26.705 0.44508 8.759 0.35256 14.1983 
0.44552 26.731 0.44552 8.759 0.35245 14.1836 
0.44595 26.757 0.44595 8.757 0.35309 14.1738 
0.44639 26.784 0.44639 8.757 0.35383 14.1645 
0.44683 26.810 0.44683 8.755 0.35532 14.1600 
0.44727 26.836 0.44727 8.755 0.35607 14.1508 
0.44771 26.863 0.44771 8.755 0.35681 14.1416 
0.44815 26.889 0.44815 8.754 0.35723 14.1305 
0.44859 26.915 0.44859 8.754 0.35777 14.1200 
0.44902 26.941 0.44902 8.753 0.35830 14.1095 
0.44946 26.968 0.44946 8.753 0.35840 14.0964 
0.44990 26.994 0.44990 8.754 0.35840 14.0826 
0.45034 27.020 0.45034 8.755 0.35787 14.0656 
0.45078 27.047 0.45078 8.756 0.35702 14.0467 
0.45122 27.073 0.45122 8.758 0.35553 14.0238 
0.45166 27.099 0.45166 8.757 0.35468 14.0048 
0.45209 27.126 0.45209 8.757 0.35426 13.9886 
0.45253 27.152 0.45253 8.758 0.35426 13.9751 
0.45297 27.178 0.45297 8.758 0.35415 13.9608 
0.45341 27.205 0.45341 8.757 0.35415 13.9474 
0.45385 27.231 0.45385 8.757 0.35447 13.9359 
0.45429 27.257 0.45429 8.757 0.35479 13.9244 
0.45472 27.283 0.45472 8.756 0.35522 13.9136 
0.45516 27.310 0.45516 8.752 0.35681 13.9100 
0.45560 27.336 0.45560 8.752 0.35841 13.9064 
0.45604 27.362 0.45604 8.754 0.35915 13.8976 
0.45648 27.389 0.45648 8.755 0.35809 13.8778 
0.45692 27.415 0.45692 8.755 0.35702 13.8579 
0.45736 27.441 0.45736 8.754 0.35692 13.8440 
0.45779 27.468 0.45779 8.755 0.35692 13.8307 
0.45823 27.494 0.45823 8.754 0.35713 13.8188 
0.45867 27.520 0.45867 8.753 0.35734 13.8069 
0.45911 27.547 0.45911 8.754 0.35798 13.7976 
0.45955 27.573 0.45955 8.756 0.35756 13.7818 
0.45999 27.599 0.45999 8.755 0.35681 13.7642 
0.46043 27.626 0.46043 8.754 0.35660 13.7498 
0.46086 27.652 0.46086 8.754 0.35724 13.7406 
0.46130 27.678 0.46130 8.755 0.35745 13.7288 
0.46174 27.704 0.46174 8.757 0.35660 13.7106 
0.46218 27.731 0.46218 8.755 0.35617 13.6950 
0.46262 27.757 0.46262 8.758 0.35522 13.6762 
0.46306 27.783 0.46306 8.760 0.35405 13.6561 
0.46349 27.810 0.46349 8.760 0.35235 13.6328 
0.46393 27.836 0.46393 8.761 0.35128 13.6134 
0.46437 27.862 0.46437 8.761 0.35096 13.5986 
0.46481 27.889 0.46481 8.762 0.35033 13.5819 
0.46525 27.915 0.46525 8.762 0.35001 13.5671 
0.46569 27.941 0.46569 8.760 0.35033 13.5563 
0.46613 27.968 0.46613 8.759 0.35128 13.5494 
0.46656 27.994 0.46656 8.760 0.35181 13.5399 
0.46700 28.020 0.46700 8.758 0.35245 13.5311 
0.46744 28.046 0.46744 8.758 0.35298 13.5216 
0.46788 28.073 0.46788 8.758 0.35362 13.5128 
0.46832 28.099 0.46832 8.756 0.35436 13.5046 
0.46876 28.125 0.46876 8.756 0.35490 13.4952 
0.46920 28.152 0.46920 8.755 0.35596 13.4889 
0.46963 28.178 0.46963 8.754 0.35660 13.4802 
0.47007 28.204 0.47007 8.755 0.35692 13.4695 
0.47051 28.231 0.47051 8.755 0.35692 13.4569 
0.47095 28.257 0.47095 8.755 0.35670 13.4431 
0.47139 28.283 0.47139 8.754 0.35702 13.4325 
0.47183 28.310 0.47183 8.753 0.35787 13.4251 
0.47226 28.336 0.47226 8.752 0.35872 13.4177 
0.47270 28.362 0.47270 8.754 0.35894 13.4065 
0.47314 28.388 0.47314 8.753 0.35894 13.3940 
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0.47358 28.415 0.47358 8.753 0.35862 13.3798 
0.47402 28.441 0.47402 8.754 0.35830 13.3655 
0.47446 28.467 0.47446 8.753 0.35809 13.3519 
0.47490 28.494 0.47490 8.754 0.35787 13.3383 
0.47533 28.520 0.47533 8.754 0.35798 13.3266 
0.47577 28.546 0.47577 8.754 0.35755 13.3119 
0.47621 28.573 0.47621 8.755 0.35724 13.2977 
0.47665 28.599 0.47665 8.755 0.35702 13.2842 
0.47709 28.625 0.47709 8.754 0.35713 13.2727 
0.47753 28.652 0.47753 8.754 0.35734 13.2617 
0.47797 28.678 0.47797 8.755 0.35734 13.2495 
0.47840 28.704 0.47840 8.754 0.35755 13.2386 
0.47884 28.731 0.47884 8.755 0.35724 13.2247 
0.47928 28.757 0.47928 8.756 0.35670 13.2095 
0.47972 28.783 0.47972 8.754 0.35649 13.1961 
0.48016 28.809 0.48016 8.754 0.35692 13.1866 
0.48060 28.836 0.48060 8.754 0.35756 13.1783 
0.48103 28.862 0.48103 8.755 0.35724 13.1644 
0.48147 28.888 0.48147 8.755 0.35681 13.1499 
0.48191 28.915 0.48191 8.755 0.35660 13.1367 
0.48235 28.941 0.48235 8.753 0.35745 13.1297 
0.48279 28.967 0.48279 8.752 0.35851 13.1239 
0.48323 28.994 0.48323 8.751 0.35979 13.1194 
0.48367 29.020 0.48367 8.748 0.36117 13.1154 
0.48410 29.046 0.48410 8.749 0.36213 13.1090 
0.48454 29.073 0.48454 8.750 0.36255 13.0996 
0.48498 29.099 0.48498 8.749 0.36245 13.0871 
0.48542 29.125 0.48542 8.747 0.36308 13.0789 
0.48586 29.151 0.48586 8.749 0.36340 13.0689 
0.48630 29.178 0.48630 8.749 0.36319 13.0559 
0.48674 29.204 0.48674 8.750 0.36213 13.0382 
0.48717 29.230 0.48717 8.752 0.36128 13.0216 
0.48761 29.257 0.48761 8.752 0.36053 13.0057 
0.48805 29.283 0.48805 8.752 0.36000 12.9909 
0.48849 29.309 0.48849 8.754 0.35936 12.9756 
0.48893 29.336 0.48893 8.753 0.35894 12.9616 
0.48937 29.362 0.48937 8.755 0.35787 12.9439 
0.48980 29.388 0.48980 8.756 0.35692 12.9269 
0.49024 29.415 0.49024 8.755 0.35607 12.9104 
0.49068 29.441 0.49068 8.754 0.35639 12.9007 
0.49112 29.467 0.49112 8.754 0.35724 12.8940 
0.49156 29.494 0.49156 8.753 0.35819 12.8880 
0.49200 29.520 0.49200 8.750 0.35957 12.8843 
0.49244 29.546 0.49244 8.751 0.36053 12.8782 
0.49287 29.572 0.49287 8.749 0.36170 12.8734 
0.49331 29.599 0.49331 8.749 0.36191 12.8631 
0.49375 29.625 0.49375 8.747 0.36308 12.8582 
0.49419 29.651 0.49419 8.748 0.36330 12.8480 
0.49463 29.678 0.49463 8.748 0.36361 12.8384 
0.49507 29.704 0.49507 8.750 0.36287 12.8229 
0.49551 29.730 0.49551 8.751 0.36191 12.8062 
0.49594 29.757 0.49594 8.752 0.36085 12.7889 
0.49638 29.783 0.49638 8.754 0.35936 12.7693 
0.49682 29.809 0.49682 8.753 0.35883 12.7551 
0.49726 29.836 0.49726 8.754 0.35809 12.7397 
0.49770 29.862 0.49770 8.753 0.35851 12.7308 
0.49814 29.888 0.49814 8.754 0.35819 12.7178 
0.49857 29.914 0.49857 8.753 0.35862 12.7090 
0.49901 29.941 0.49901 8.754 0.35841 12.6966 
0.49945 29.967 0.49945 8.754 0.35851 12.6861 
0.49989 29.993 0.49989 8.753 0.35841 12.6744 
0.50033 30.020 0.50033 8.754 0.35819 12.6621 
0.50077 30.046 0.50077 8.754 0.35809 12.6504 
0.50121 30.072 0.50121 8.755 0.35734 12.6352 
0.50164 30.099 0.50164 8.755 0.35702 12.6224 
0.50208 30.125 0.50208 8.756 0.35617 12.6066 
0.50252 30.151 0.50252 8.756 0.35575 12.5932 
0.50296 30.178 0.50296 8.755 0.35585 12.5828 
0.50340 30.204 0.50340 8.753 0.35692 12.5778 
0.50384 30.230 0.50384 8.753 0.35809 12.5733 
0.50428 30.257 0.50428 8.752 0.35894 12.5671 
0.50471 30.283 0.50471 8.751 0.35979 12.5609 
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0.50515 30.309 0.50515 8.751 0.36053 12.5541 
0.50559 30.335 0.50559 8.750 0.36138 12.5478 
0.50603 30.362 0.50603 8.749 0.36191 12.5399 
0.50647 30.388 0.50647 8.750 0.36223 12.5307 
0.50691 30.414 0.50691 8.749 0.36234 12.5205 
0.50734 30.441 0.50734 8.750 0.36191 12.5073 
0.50778 30.467 0.50778 8.750 0.36191 12.4966 
0.50822 30.493 0.50822 8.749 0.36191 12.4858 
0.50866 30.520 0.50866 8.750 0.36202 12.4756 
0.50910 30.546 0.50910 8.750 0.36181 12.4637 
0.50954 30.572 0.50954 8.752 0.36106 12.4489 
0.50998 30.599 0.50998 8.752 0.36053 12.4353 
0.51041 30.625 0.51041 8.752 0.35989 12.4212 
0.51085 30.651 0.51085 8.752 0.35968 12.4093 
0.51129 30.677 0.51129 8.752 0.35957 12.3981 
0.51173 30.704 0.51173 8.751 0.36000 12.3898 
0.51217 30.730 0.51217 8.751 0.36042 12.3815 
0.51261 30.756 0.51261 8.752 0.36053 12.3715 
0.51305 30.783 0.51305 8.752 0.36032 12.3598 
0.51348 30.809 0.51348 8.754 0.35915 12.3429 
0.51392 30.835 0.51392 8.754 0.35819 12.3272 
0.51436 30.862 0.51436 8.755 0.35713 12.3109 
0.51480 30.888 0.51480 8.755 0.35681 12.2987 
0.51524 30.914 0.51524 8.756 0.35628 12.2853 
0.51568 30.941 0.51568 8.756 0.35575 12.2719 
0.51611 30.967 0.51611 8.760 0.35426 12.2534 
0.51655 30.993 0.51655 8.761 0.35277 12.2348 
0.51699 31.020 0.51699 8.761 0.35139 12.2169 
0.51743 31.046 0.51743 8.759 0.35160 12.2077 
0.51787 31.072 0.51787 8.757 0.35288 12.2044 
0.51831 31.098 0.51831 8.756 0.35437 12.2022 
0.51875 31.125 0.51875 8.756 0.35532 12.1970 
0.51918 31.151 0.51918 8.756 0.35564 12.1885 
0.51962 31.177 0.51962 8.756 0.35564 12.1782 
0.52006 31.204 0.52006 8.756 0.35586 12.1691 
0.52050 31.230 0.52050 8.754 0.35660 12.1628 
0.52094 31.256 0.52094 8.754 0.35745 12.1572 
0.52138 31.283 0.52138 8.754 0.35787 12.1492 
0.52182 31.309 0.52182 8.756 0.35713 12.1350 
0.52225 31.335 0.52225 8.755 0.35660 12.1220 
0.52269 31.362 0.52269 8.754 0.35660 12.1118 
0.52313 31.388 0.52313 8.755 0.35671 12.1022 
0.52357 31.414 0.52357 8.756 0.35628 12.0898 
0.52401 31.440 0.52401 8.753 0.35670 12.0820 
0.52445 31.467 0.52445 8.754 0.35713 12.0741 
0.52488 31.493 0.52488 8.754 0.35777 12.0674 
0.52532 31.519 0.52532 8.757 0.35638 12.0500 
0.52576 31.546 0.52576 8.757 0.35543 12.0348 
0.52620 31.572 0.52620 8.757 0.35468 12.0208 
0.52664 31.598 0.52664 8.757 0.35479 12.0114 
0.52708 31.625 0.52708 8.757 0.35490 12.0020 
0.52752 31.651 0.52752 8.758 0.35447 11.9897 
0.52795 31.677 0.52795 8.757 0.35447 11.9797 
0.52839 31.704 0.52839 8.759 0.35362 11.9653 
0.52883 31.730 0.52883 8.759 0.35320 11.9531 
0.52927 31.756 0.52927 8.759 0.35256 11.9398 
0.52971 31.783 0.52971 8.755 0.35383 11.9367 
0.53015 31.809 0.53015 8.755 0.35532 11.9347 
0.53059 31.835 0.53059 8.754 0.35713 11.9344 
0.53102 31.861 0.53102 8.753 0.35787 11.9285 
0.53146 31.888 0.53146 8.754 0.35819 11.9203 
0.53190 31.914 0.53190 8.752 0.35872 11.9133 
0.53234 31.940 0.53234 8.751 0.35957 11.9079 
0.53278 31.967 0.53278 8.751 0.36064 11.9037 
0.53322 31.993 0.53322 8.750 0.36138 11.8977 
0.53365 32.019 0.53365 8.749 0.36181 11.8902 
0.53409 32.046 0.53409 8.750 0.36202 11.8815 
0.53453 32.072 0.53453 8.751 0.36170 11.8701 
0.53497 32.098 0.53497 8.752 0.36085 11.8560 
0.53541 32.125 0.53541 8.752 0.36011 11.8424 
0.53585 32.151 0.53585 8.751 0.35989 11.8316 
0.53629 32.177 0.53629 8.752 0.35989 11.8219 
200 
Time 
(min) 
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Cumulative 
Delta Time(min) 
Depth 
(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht) 
0.53672 32.203 0.53672 8.753 0.35979 11.8117 
0.53716 32.230 0.53716 8.753 0.35936 11.7999 
0.53760 32.256 0.53760 8.753 0.35904 11.7886 
0.53804 32.282 0.53804 8.754 0.35862 11.7768 
0.53848 32.309 0.53848 8.754 0.35830 11.7656 
0.53892 32.335 0.53892 8.752 0.35872 11.7582 
0.53936 32.361 0.53936 8.752 0.35936 11.7519 
0.53979 32.388 0.53979 8.753 0.35968 11.7440 
0.54023 32.414 0.54023 8.753 0.35936 11.7328 
0.54067 32.440 0.54067 8.752 0.35925 11.7228 
0.54111 32.467 0.54111 8.751 0.35979 11.7160 
0.54155 32.493 0.54155 8.751 0.36042 11.7098 
0.54199 32.519 0.54199 8.751 0.36085 11.7025 
0.54242 32.545 0.54242 8.750 0.36117 11.6947 
0.54286 32.572 0.54286 8.750 0.36138 11.6863 
0.54330 32.598 0.54330 8.753 0.36074 11.6736 
0.54374 32.624 0.54374 8.752 0.36011 11.6609 
0.54418 32.651 0.54418 8.752 0.35947 11.6483 
0.54462 32.677 0.54462 8.752 0.35979 11.6406 
0.54506 32.703 0.54506 8.752 0.35989 11.6317 
0.54549 32.730 0.54549 8.752 0.35979 11.6218 
0.54593 32.756 0.54593 8.751 0.36021 11.6147 
0.54637 32.782 0.54637 8.751 0.36032 11.6059 
0.54681 32.809 0.54681 8.751 0.36075 11.5987 
0.54725 32.835 0.54725 8.752 0.36032 11.5873 
0.54769 32.861 0.54769 8.751 0.36043 11.5785 
0.54813 32.888 0.54813 8.753 0.35989 11.5666 
0.54856 32.914 0.54856 8.753 0.35947 11.5552 
0.54900 32.940 0.54900 8.754 0.35851 11.5411 
0.54944 32.966 0.54944 8.754 0.35809 11.5297 
0.54988 32.993 0.54988 8.754 0.35787 11.5195 
0.55032 33.019 0.55032 8.753 0.35809 11.5114 
0.55076 33.045 0.55076 8.752 0.35862 11.5049 
0.55119 33.072 0.55119 8.754 0.35851 11.4952 
0.55163 33.098 0.55163 8.754 0.35819 11.4844 
0.55207 33.124 0.55207 8.753 0.35787 11.4737 
0.55251 33.151 0.55251 8.752 0.35872 11.4689 
0.55295 33.177 0.55295 8.750 0.36011 11.4668 
0.55339 33.203 0.55339 8.751 0.36074 11.4609 
0.55383 33.230 0.55383 8.752 0.36074 11.4518 
0.55426 33.256 0.55426 8.753 0.35979 11.4379 
0.55470 33.282 0.55470 8.754 0.35904 11.4252 
0.55514 33.308 0.55514 8.752 0.35894 11.4156 
0.55558 33.335 0.55558 8.752 0.35936 11.4087 
0.55602 33.361 0.55602 8.751 0.36032 11.4045 
0.55646 33.387 0.55646 8.751 0.36074 11.3977 
0.55690 33.414 0.55690 8.751 0.36085 11.3892 
0.55733 33.440 0.55733 8.752 0.36032 11.3776 
0.55777 33.466 0.55777 8.752 0.36000 11.3671 
0.55821 33.493 0.55821 8.751 0.36021 11.3592 
0.55865 33.519 0.55865 8.751 0.36053 11.3519 
0.55909 33.545 0.55909 8.751 0.36064 11.3435 
0.55953 33.572 0.55953 8.752 0.36021 11.3325 
0.55996 33.598 0.55996 8.751 0.36043 11.3247 
0.56040 33.624 0.56040 8.750 0.36085 11.3179 
0.56084 33.651 0.56084 8.749 0.36181 11.3138 
0.56128 33.677 0.56128 8.748 0.36255 11.3086 
0.56172 33.703 0.56172 8.750 0.36255 11.2998 
0.56216 33.729 0.56216 8.749 0.36255 11.2910 
0.56260 33.756 0.56260 8.749 0.36223 11.2806 
0.56303 33.782 0.56303 8.748 0.36287 11.2749 
0.56347 33.808 0.56347 8.748 0.36319 11.2677 
0.56391 33.835 0.56391 8.748 0.36372 11.2616 
0.56435 33.861 0.56435 8.750 0.36308 11.2497 
0.56479 33.887 0.56479 8.753 0.36160 11.2337 
0.56523 33.914 0.56523 8.755 0.35915 11.2130 
0.56567 33.940 0.56567 8.755 0.35734 11.1954 
0.56610 33.966 0.56610 8.754 0.35702 11.1851 
0.56654 33.993 0.56654 8.754 0.35745 11.1786 
0.56698 34.019 0.56698 8.753 0.35819 11.1736 
0.56742 34.045 0.56742 8.753 0.35830 11.1655 
0.56786 34.071 0.56786 8.754 0.35819 11.1563 
201 
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0.56830 34.098 0.56830 8.756 0.35724 11.1430 
0.56873 34.124 0.56873 8.753 0.35724 11.1344 
0.56917 34.150 0.56917 8.751 0.35841 11.1316 
0.56961 34.177 0.56961 8.751 0.36021 11.1318 
0.57005 34.203 0.57005 8.751 0.36085 11.1264 
0.57049 34.229 0.57049 8.752 0.36043 11.1158 
0.57093 34.256 0.57093 8.751 0.36021 11.1062 
0.57137 34.282 0.57137 8.751 0.36021 11.0977 
0.57180 34.308 0.57180 8.752 0.36032 11.0897 
0.57224 34.335 0.57224 8.752 0.36011 11.0801 
0.57268 34.361 0.57268 8.749 0.36074 11.0747 
0.57312 34.387 0.57312 8.751 0.36106 11.0678 
0.57356 34.413 0.57356 8.751 0.36128 11.0604 
0.57400 34.440 0.57400 8.750 0.36106 11.0509 
0.57444 34.466 0.57444 8.749 0.36149 11.0445 
0.57487 34.492 0.57487 8.749 0.36213 11.0392 
0.57531 34.519 0.57531 8.750 0.36202 11.0302 
0.57575 34.545 0.57575 8.750 0.36170 11.0203 
0.57619 34.571 0.57619 8.750 0.36138 11.0104 
0.57663 34.598 0.57663 8.750 0.36149 11.0025 
0.57707 34.624 0.57707 8.753 0.36053 10.9896 
0.57750 34.650 0.57750 8.754 0.35915 10.9746 
0.57794 34.677 0.57794 8.754 0.35766 10.9591 
0.57838 34.703 0.57838 8.754 0.35756 10.9502 
0.57882 34.729 0.57882 8.754 0.35756 10.9419 
0.57926 34.756 0.57926 8.756 0.35713 10.9316 
0.57970 34.782 0.57970 8.755 0.35649 10.9203 
0.58014 34.808 0.58014 8.755 0.35639 10.9115 
0.58057 34.834 0.58057 8.756 0.35639 10.9033 
0.58101 34.861 0.58101 8.757 0.35596 10.8930 
0.58145 34.887 0.58145 8.757 0.35511 10.8806 
0.58189 34.913 0.58189 8.756 0.35500 10.8719 
0.58233 34.940 0.58233 8.756 0.35522 10.8648 
0.58277 34.966 0.58277 8.757 0.35532 10.8571 
0.58321 34.992 0.58321 8.756 0.35543 10.8495 
0.58364 35.019 0.58364 8.754 0.35628 10.8454 
0.58408 35.045 0.58408 8.753 0.35756 10.8434 
0.58452 35.071 0.58452 8.754 0.35798 10.8373 
0.58496 35.098 0.58496 8.753 0.35809 10.8297 
0.58540 35.124 0.58540 8.752 0.35851 10.8236 
0.58584 35.150 0.58584 8.750 0.36000 10.8225 
0.58627 35.176 0.58627 8.750 0.36106 10.8195 
0.58671 35.203 0.58671 8.751 0.36149 10.8134 
0.58715 35.229 0.58715 8.750 0.36138 10.8048 
0.58759 35.255 0.58759 8.752 0.36085 10.7943 
0.58803 35.282 0.58803 8.751 0.36064 10.7852 
0.58847 35.308 0.58847 8.752 0.36021 10.7752 
0.58891 35.334 0.58891 8.752 0.36021 10.7671 
0.58934 35.361 0.58934 8.751 0.36032 10.7596 
0.58978 35.387 0.58978 8.753 0.36000 10.7501 
0.59022 35.413 0.59022 8.752 0.35989 10.7416 
0.59066 35.440 0.59066 8.752 0.35968 10.7327 
0.59110 35.466 0.59110 8.750 0.36043 10.7282 
0.59154 35.492 0.59154 8.750 0.36117 10.7237 
0.59198 35.519 0.59198 8.748 0.36245 10.7217 
0.59241 35.545 0.59241 8.748 0.36330 10.7178 
0.59285 35.571 0.59285 8.747 0.36404 10.7133 
0.59329 35.597 0.59329 8.747 0.36415 10.7059 
0.59373 35.624 0.59373 8.748 0.36393 10.6970 
0.59417 35.650 0.59417 8.746 0.36447 10.6915 
0.59461 35.676 0.59461 8.746 0.36489 10.6856 
0.59504 35.703 0.59504 8.745 0.36595 10.6826 
0.59548 35.729 0.59548 8.746 0.36585 10.6743 
0.59592 35.755 0.59592 8.747 0.36563 10.6654 
0.59636 35.782 0.59636 8.747 0.36489 10.6542 
0.59680 35.808 0.59680 8.748 0.36436 10.6439 
0.59724 35.834 0.59724 8.748 0.36383 10.6336 
0.59768 35.861 0.59768 8.748 0.36351 10.6244 
0.59811 35.887 0.59811 8.749 0.36319 10.6151 
0.59855 35.913 0.59855 8.750 0.36266 10.6049 
0.59899 35.939 0.59899 8.750 0.36202 10.5942 
0.59943 35.966 0.59943 8.752 0.36085 10.5810 
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0.59987 35.992 0.59987 8.752 0.36021 10.5704 
0.60031 36.018 0.60031 8.753 0.35936 10.5587 
0.60075 36.045 0.60075 8.755 0.35851 10.5471 
0.60118 36.071 0.60118 8.756 0.35724 10.5334 
0.60162 36.097 0.60162 8.755 0.35639 10.5218 
0.60206 36.124 0.60206 8.757 0.35575 10.5112 
0.60250 36.150 0.60250 8.757 0.35522 10.5010 
0.60294 36.176 0.60294 8.755 0.35522 10.4934 
0.60338 36.203 0.60338 8.755 0.35575 10.4882 
0.60381 36.229 0.60381 8.755 0.35660 10.4846 
0.60425 36.255 0.60425 8.754 0.35723 10.4799 
0.60469 36.282 0.60469 8.753 0.35798 10.4758 
0.60513 36.308 0.60513 8.753 0.35872 10.4716 
0.60557 36.334 0.60557 8.751 0.35957 10.4679 
0.60601 36.360 0.60601 8.750 0.36042 10.4642 
0.60645 36.387 0.60645 8.748 0.36181 10.4630 
0.60688 36.413 0.60688 8.747 0.36297 10.4607 
0.60732 36.439 0.60732 8.751 0.36287 10.4527 
0.60776 36.466 0.60776 8.751 0.36212 10.4418 
0.60820 36.492 0.60820 8.750 0.36127 10.4304 
0.60864 36.518 0.60864 8.752 0.36074 10.4205 
0.60908 36.545 0.60908 8.750 0.36085 10.4135 
0.60952 36.571 0.60952 8.750 0.36085 10.4060 
0.60995 36.597 0.60995 8.749 0.36181 10.4028 
0.61039 36.624 0.61039 8.749 0.36213 10.3968 
0.61083 36.650 0.61083 8.750 0.36223 10.3898 
0.61127 36.676 0.61127 8.749 0.36223 10.3824 
0.61171 36.702 0.61171 8.747 0.36298 10.3783 
0.61215 36.729 0.61215 8.747 0.36393 10.3751 
0.61258 36.755 0.61258 8.746 0.36510 10.3729 
0.61302 36.781 0.61302 8.745 0.36585 10.3688 
0.61346 36.808 0.61346 8.746 0.36606 10.3624 
0.61390 36.834 0.61390 8.746 0.36585 10.3540 
0.61434 36.860 0.61434 8.750 0.36425 10.3395 
0.61478 36.887 0.61478 8.752 0.36234 10.3236 
0.61522 36.913 0.61522 8.751 0.36075 10.3091 
0.61565 36.939 0.61565 8.752 0.35990 10.2979 
0.61609 36.966 0.61609 8.753 0.35968 10.2896 
0.61653 36.992 0.61653 8.753 0.35915 10.2799 
0.61697 37.018 0.61697 8.754 0.35862 10.2702 
0.61741 37.045 0.61741 8.753 0.35851 10.2624 
0.61785 37.071 0.61785 8.753 0.35862 10.2556 
0.61829 37.097 0.61829 8.753 0.35904 10.2502 
0.61872 37.123 0.61872 8.751 0.35968 10.2459 
0.61916 37.150 0.61916 8.749 0.36074 10.2434 
0.61960 37.176 0.61960 8.750 0.36170 10.2404 
0.62004 37.202 0.62004 8.751 0.36181 10.2336 
0.62048 37.229 0.62048 8.753 0.36074 10.2216 
0.62092 37.255 0.62092 8.752 0.35989 10.2106 
0.62135 37.281 0.62135 8.752 0.35958 10.2020 
0.62179 37.308 0.62179 8.752 0.35968 10.1953 
0.62223 37.334 0.62223 8.754 0.35915 10.1857 
0.62267 37.360 0.62267 8.754 0.35841 10.1752 
0.62311 37.387 0.62311 8.754 0.35777 10.1652 
0.62355 37.413 0.62355 8.754 0.35787 10.1585 
0.62399 37.439 0.62399 8.753 0.35819 10.1528 
0.62442 37.465 0.62442 8.751 0.35926 10.1504 
0.62486 37.492 0.62486 8.749 0.36074 10.1499 
0.62530 37.518 0.62530 8.750 0.36170 10.1470 
0.62574 37.544 0.62574 8.750 0.36191 10.1409 
0.62618 37.571 0.62618 8.750 0.36159 10.1323 
0.62662 37.597 0.62662 8.749 0.36191 10.1267 
0.62706 37.623 0.62706 8.749 0.36223 10.1210 
0.62749 37.650 0.62749 8.747 0.36308 10.1176 
0.62793 37.676 0.62793 8.748 0.36351 10.1124 
0.62837 37.702 0.62837 8.749 0.36372 10.1063 
0.62881 37.729 0.62881 8.749 0.36308 10.0965 
0.62925 37.755 0.62925 8.750 0.36234 10.0862 
0.62969 37.781 0.62969 8.748 0.36266 10.0806 
0.63012 37.807 0.63012 8.749 0.36287 10.0745 
0.63056 37.834 0.63056 8.750 0.36276 10.0670 
0.63100 37.860 0.63100 8.751 0.36181 10.0558 
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0.63144 37.886 0.63144 8.750 0.36149 10.0474 
0.63188 37.913 0.63188 8.754 0.36042 10.0358 
0.63232 37.939 0.63232 8.754 0.35936 10.0242 
0.63276 37.965 0.63276 8.754 0.35777 10.0102 
0.63319 37.992 0.63319 8.754 0.35745 10.0019 
0.63363 38.018 0.63363 8.753 0.35787 9.9968 
0.63407 38.044 0.63407 8.756 0.35734 9.9876 
0.63451 38.071 0.63451 8.754 0.35734 9.9807 
0.63495 38.097 0.63495 8.753 0.35713 9.9728 
0.63539 38.123 0.63539 8.754 0.35787 9.9692 
0.63583 38.150 0.63583 8.753 0.35851 9.9652 
0.63626 38.176 0.63626 8.751 0.35936 9.9620 
0.63670 38.202 0.63670 8.751 0.36032 9.9593 
0.63714 38.228 0.63714 8.752 0.36064 9.9539 
0.63758 38.255 0.63758 8.751 0.36053 9.9465 
0.63802 38.281 0.63802 8.753 0.35979 9.9365 
0.63846 38.307 0.63846 8.752 0.35968 9.9292 
0.63889 38.334 0.63889 8.753 0.35904 9.9196 
0.63933 38.360 0.63933 8.753 0.35915 9.9132 
0.63977 38.386 0.63977 8.753 0.35894 9.9055 
0.64021 38.413 0.64021 8.753 0.35894 9.8987 
0.64065 38.439 0.64065 8.753 0.35904 9.8924 
0.64109 38.465 0.64109 8.752 0.35936 9.8870 
0.64153 38.492 0.64153 8.749 0.36053 9.8854 
0.64196 38.518 0.64196 8.750 0.36149 9.8827 
0.64240 38.544 0.64240 8.751 0.36181 9.8774 
0.64284 38.570 0.64284 8.751 0.36128 9.8683 
0.64328 38.597 0.64328 8.751 0.36074 9.8593 
0.64372 38.623 0.64372 8.753 0.35989 9.8489 
0.64416 38.649 0.64416 8.754 0.35904 9.8386 
0.64460 38.676 0.64460 8.754 0.35819 9.8282 
0.64503 38.702 0.64503 8.753 0.35819 9.8215 
0.64547 38.728 0.64547 8.754 0.35798 9.8139 
0.64591 38.755 0.64591 8.755 0.35755 9.8054 
0.64635 38.781 0.64635 8.754 0.35724 9.7974 
0.64679 38.807 0.64679 8.752 0.35787 9.7935 
0.64723 38.834 0.64723 8.751 0.35936 9.7933 
0.64766 38.860 0.64766 8.750 0.36064 9.7921 
0.64810 38.886 0.64810 8.748 0.36191 9.7909 
0.64854 38.913 0.64854 8.749 0.36255 9.7870 
0.64898 38.939 0.64898 8.749 0.36308 9.7827 
0.64942 38.965 0.64942 8.749 0.36277 9.7747 
0.64986 38.991 0.64986 8.749 0.36277 9.7681 
0.65030 39.018 0.65030 8.748 0.36287 9.7620 
0.65073 39.044 0.65073 8.749 0.36287 9.7554 
0.65117 39.070 0.65117 8.750 0.36255 9.7475 
0.65161 39.097 0.65161 8.750 0.36191 9.7382 
0.65205 39.123 0.65205 8.751 0.36149 9.7299 
0.65249 39.149 0.65249 8.751 0.36106 9.7215 
0.65293 39.176 0.65293 8.750 0.36128 9.7159 
0.65337 39.202 0.65337 8.750 0.36149 9.7103 
0.65380 39.228 0.65380 8.751 0.36160 9.7042 
0.65424 39.255 0.65424 8.751 0.36106 9.6955 
0.65468 39.281 0.65468 8.751 0.36074 9.6876 
0.65512 39.307 0.65512 8.751 0.36074 9.6811 
0.65556 39.333 0.65556 8.751 0.36085 9.6751 
0.65600 39.360 0.65600 8.752 0.36053 9.6673 
0.65643 39.386 0.65643 8.751 0.36053 9.6608 
0.65687 39.412 0.65687 8.751 0.36043 9.6539 
0.65731 39.439 0.65731 8.751 0.36085 9.6493 
0.65775 39.465 0.65775 8.751 0.36064 9.6420 
0.65819 39.491 0.65819 8.751 0.36085 9.6364 
0.65863 39.518 0.65863 8.750 0.36106 9.6309 
0.65907 39.544 0.65907 8.751 0.36117 9.6250 
0.65950 39.570 0.65950 8.751 0.36117 9.6186 
0.65994 39.597 0.65994 8.749 0.36138 9.6131 
0.66038 39.623 0.66038 8.748 0.36223 9.6102 
0.66082 39.649 0.66082 8.749 0.36287 9.6065 
0.66126 39.675 0.66126 8.747 0.36372 9.6037 
0.66170 39.702 0.66170 8.749 0.36361 9.5969 
0.66214 39.728 0.66214 8.748 0.36393 9.5918 
0.66257 39.754 0.66257 8.747 0.36372 9.5846 
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0.66301 39.781 0.66301 8.747 0.36436 9.5809 
0.66345 39.807 0.66345 8.746 0.36500 9.5772 
0.66389 39.833 0.66389 8.745 0.36585 9.5744 
0.66433 39.860 0.66433 8.747 0.36574 9.5676 
0.66477 39.886 0.66477 8.745 0.36595 9.5622 
0.66520 39.912 0.66520 8.746 0.36542 9.5537 
0.66564 39.939 0.66564 8.747 0.36542 9.5474 
0.66608 39.965 0.66608 8.746 0.36531 9.5407 
0.66652 39.991 0.66652 8.745 0.36574 9.5362 
0.66696 40.018 0.66696 8.746 0.36617 9.5316 
0.66740 40.044 0.66740 8.745 0.36638 9.5263 
0.66784 40.070 0.66784 8.745 0.36648 9.5204 
0.66827 40.096 0.66827 8.745 0.36691 9.5159 
0.66871 40.123 0.66871 8.745 0.36680 9.5092 
0.66915 40.149 0.66915 8.746 0.36638 9.5013 
0.66959 40.175 0.66959 8.746 0.36606 9.4938 
0.67003 40.202 0.67003 8.746 0.36595 9.4871 
0.67047 40.228 0.67047 8.745 0.36627 9.4822 
0.67091 40.254 0.67091 8.745 0.36638 9.4764 
0.67134 40.281 0.67134 8.745 0.36648 9.4707 
0.67178 40.307 0.67178 8.748 0.36563 9.4611 
0.67222 40.333 0.67222 8.749 0.36425 9.4492 
0.67266 40.360 0.67266 8.752 0.36202 9.4339 
0.67310 40.386 0.67310 8.751 0.36085 9.4230 
0.67354 40.412 0.67354 8.753 0.35979 9.4125 
0.67397 40.438 0.67397 8.752 0.35968 9.4059 
0.67441 40.465 0.67441 8.753 0.35904 9.3972 
0.67485 40.491 0.67485 8.754 0.35872 9.3897 
0.67529 40.517 0.67529 8.754 0.35798 9.3806 
0.67573 40.544 0.67573 8.754 0.35766 9.3732 
0.67617 40.570 0.67617 8.754 0.35755 9.3666 
0.67661 40.596 0.67661 8.752 0.35841 9.3641 
0.67704 40.623 0.67704 8.751 0.35957 9.3628 
0.67748 40.649 0.67748 8.748 0.36138 9.3642 
0.67792 40.675 0.67792 8.747 0.36287 9.3642 
0.67836 40.702 0.67836 8.747 0.36393 9.3624 
0.67880 40.728 0.67880 8.746 0.36457 9.3590 
0.67924 40.754 0.67924 8.746 0.36500 9.3546 
0.67968 40.781 0.67968 8.745 0.36574 9.3516 
0.68011 40.807 0.68011 8.745 0.36617 9.3473 
0.68055 40.833 0.68055 8.744 0.36691 9.3442 
0.68099 40.859 0.68099 8.746 0.36680 9.3378 
0.68143 40.886 0.68143 8.746 0.36659 9.3309 
0.68187 40.912 0.68187 8.747 0.36564 9.3211 
0.68231 40.938 0.68231 8.747 0.36521 9.3134 
0.68274 40.965 0.68274 8.746 0.36532 9.3079 
0.68318 40.991 0.68318 8.746 0.36553 9.3027 
0.68362 41.017 0.68362 8.747 0.36532 9.2959 
0.68406 41.044 0.68406 8.748 0.36457 9.2870 
0.68450 41.070 0.68450 8.748 0.36393 9.2785 
0.68494 41.096 0.68494 8.749 0.36340 9.2704 
0.68538 41.123 0.68538 8.749 0.36298 9.2628 
0.68581 41.149 0.68581 8.750 0.36245 9.2547 
0.68625 41.175 0.68625 8.750 0.36213 9.2475 
0.68669 41.201 0.68669 8.751 0.36149 9.2390 
0.68713 41.228 0.68713 8.752 0.36074 9.2301 
0.68757 41.254 0.68757 8.753 0.35979 9.2204 
0.68801 41.280 0.68801 8.752 0.35936 9.2128 
0.68845 41.307 0.68845 8.752 0.35926 9.2065 
0.68888 41.333 0.68888 8.753 0.35936 9.2011 
0.68932 41.359 0.68932 8.753 0.35926 9.1948 
0.68976 41.386 0.68976 8.751 0.35968 9.1906 
0.69020 41.412 0.69020 8.750 0.36043 9.1878 
0.69064 41.438 0.69064 8.750 0.36117 9.1850 
0.69108 41.465 0.69108 8.751 0.36128 9.1796 
0.69151 41.491 0.69151 8.752 0.36064 9.1712 
0.69195 41.517 0.69195 8.751 0.36042 9.1645 
0.69239 41.543 0.69239 8.751 0.36021 9.1579 
0.69283 41.570 0.69283 8.751 0.36053 9.1533 
0.69327 41.596 0.69327 8.749 0.36106 9.1497 
0.69371 41.622 0.69371 8.748 0.36202 9.1477 
0.69415 41.649 0.69415 8.749 0.36287 9.1453 
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0.69458 41.675 0.69458 8.750 0.36276 9.1391 
0.69502 41.701 0.69502 8.749 0.36266 9.1329 
0.69546 41.728 0.69546 8.748 0.36287 9.1280 
0.69590 41.754 0.69590 8.746 0.36415 9.1273 
0.69634 41.780 0.69634 8.746 0.36500 9.1249 
0.69678 41.807 0.69678 8.746 0.36574 9.1221 
0.69722 41.833 0.69722 8.747 0.36532 9.1147 
0.69765 41.859 0.69765 8.748 0.36468 9.1064 
0.69809 41.886 0.69809 8.750 0.36340 9.0957 
0.69853 41.912 0.69853 8.751 0.36202 9.0845 
0.69897 41.938 0.69897 8.749 0.36181 9.0780 
0.69941 41.964 0.69941 8.750 0.36170 9.0719 
0.69985 41.991 0.69985 8.750 0.36213 9.0679 
0.70028 42.017 0.70028 8.752 0.36106 9.0580 
0.70072 42.043 0.70072 8.754 0.35979 9.0473 
0.70116 42.070 0.70116 8.754 0.35830 9.0357 
0.70160 42.096 0.70160 8.753 0.35798 9.0288 
0.70204 42.122 0.70204 8.754 0.35809 9.0236 
0.70248 42.149 0.70248 8.753 0.35862 9.0201 
0.70292 42.175 0.70292 8.753 0.35851 9.0140 
0.70335 42.201 0.70335 8.753 0.35872 9.0092 
0.70379 42.228 0.70379 8.752 0.35894 9.0045 
0.70423 42.254 0.70423 8.753 0.35904 8.9993 
0.70467 42.280 0.70467 8.751 0.35968 8.9962 
0.70511 42.306 0.70511 8.749 0.36064 8.9944 
0.70555 42.333 0.70555 8.748 0.36234 8.9954 
0.70599 42.359 0.70599 8.750 0.36266 8.9911 
0.70642 42.385 0.70642 8.750 0.36244 8.9847 
0.70686 42.412 0.70686 8.749 0.36212 8.9779 
0.70730 42.438 0.70730 8.746 0.36329 8.9769 
0.70774 42.464 0.70774 8.747 0.36414 8.9746 
0.70818 42.491 0.70818 8.747 0.36468 8.9711 
0.70862 42.517 0.70862 8.748 0.36425 8.9639 
0.70905 42.543 0.70905 8.748 0.36404 8.9575 
0.70949 42.570 0.70949 8.748 0.36372 8.9508 
0.70993 42.596 0.70993 8.749 0.36319 8.9432 
0.71037 42.622 0.71037 8.746 0.36393 8.9405 
0.71081 42.649 0.71081 8.745 0.36499 8.9391 
0.71125 42.675 0.71125 8.746 0.36616 8.9381 
0.71169 42.701 0.71169 8.745 0.36638 8.9334 
0.71212 42.727 0.71212 8.745 0.36638 8.9279 
0.71256 42.754 0.71256 8.746 0.36616 8.9216 
0.71300 42.780 0.71300 8.745 0.36638 8.9169 
0.71344 42.806 0.71344 8.745 0.36627 8.9111 
0.71388 42.833 0.71388 8.745 0.36691 8.9080 
0.71432 42.859 0.71432 8.745 0.36680 8.9021 
0.71476 42.885 0.71476 8.746 0.36638 8.8951 
0.71519 42.912 0.71519 8.747 0.36563 8.8868 
0.71563 42.938 0.71563 8.748 0.36468 8.8777 
0.71607 42.964 0.71607 8.750 0.36361 8.8682 
0.71651 42.991 0.71651 8.751 0.36213 8.8570 
0.71695 43.017 0.71695 8.750 0.36149 8.8491 
0.71739 43.043 0.71739 8.752 0.36074 8.8408 
0.71782 43.069 0.71782 8.751 0.36096 8.8363 
0.71826 43.096 0.71826 8.750 0.36085 8.8305 
0.71870 43.122 0.71870 8.750 0.36159 8.8279 
0.71914 43.148 0.71914 8.749 0.36223 8.8250 
0.71958 43.175 0.71958 8.748 0.36297 8.8225 
0.72002 43.201 0.72002 8.747 0.36372 8.8199 
0.72046 43.227 0.72046 8.747 0.36425 8.8166 
0.72089 43.254 0.72089 8.748 0.36425 8.8112 
0.72133 43.280 0.72133 8.748 0.36404 8.8051 
0.72177 43.306 0.72177 8.746 0.36457 8.8017 
0.72221 43.333 0.72221 8.746 0.36499 8.7980 
0.72265 43.359 0.72265 8.748 0.36510 8.7931 
0.72309 43.385 0.72309 8.748 0.36425 8.7845 
0.72353 43.412 0.72353 8.749 0.36329 8.7756 
0.72396 43.438 0.72396 8.751 0.36213 8.7658 
0.72440 43.464 0.72440 8.751 0.36106 8.7564 
0.72484 43.490 0.72484 8.751 0.36064 8.7495 
0.72528 43.517 0.72528 8.750 0.36096 8.7454 
0.72572 43.543 0.72572 8.748 0.36191 8.7438 
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0.72616 43.569 0.72616 8.751 0.36191 8.7385 
0.72659 43.596 0.72659 8.752 0.36128 8.7308 
0.72703 43.622 0.72703 8.751 0.36032 8.7219 
0.72747 43.648 0.72747 8.752 0.36000 8.7154 
0.72791 43.675 0.72791 8.750 0.36064 8.7126 
0.72835 43.701 0.72835 8.751 0.36085 8.7082 
0.72879 43.727 0.72879 8.749 0.36170 8.7062 
0.72923 43.754 0.72923 8.752 0.36127 8.6993 
0.72966 43.780 0.72966 8.750 0.36149 8.6949 
0.73010 43.806 0.73010 8.752 0.36042 8.6856 
0.73054 43.832 0.73054 8.752 0.36042 8.6804 
0.73098 43.859 0.73098 8.749 0.36064 8.6760 
0.73142 43.885 0.73142 8.749 0.36159 8.6744 
0.73186 43.911 0.73186 8.748 0.36287 8.6741 
0.73230 43.938 0.73230 8.748 0.36340 8.6709 
0.73273 43.964 0.73273 8.748 0.36372 8.6669 
0.73317 43.990 0.73317 8.750 0.36287 8.6585 
0.73361 44.017 0.73361 8.747 0.36297 8.6537 
0.73405 44.043 0.73405 8.748 0.36308 8.6490 
0.73449 44.069 0.73449 8.747 0.36425 8.6482 
0.73493 44.096 0.73493 8.747 0.36446 8.6438 
0.73536 44.122 0.73536 8.748 0.36446 8.6386 
0.73580 44.148 0.73580 8.749 0.36361 8.6303 
0.73624 44.175 0.73624 8.750 0.36255 8.6212 
0.73668 44.201 0.73668 8.751 0.36149 8.6121 
0.73712 44.227 0.73712 8.751 0.36106 8.6054 
0.73756 44.253 0.73756 8.751 0.36085 8.5995 
0.73800 44.280 0.73800 8.752 0.36074 8.5939 
0.73843 44.306 0.73843 8.752 0.36021 8.5868 
0.73887 44.332 0.73887 8.754 0.35915 8.5778 
0.73931 44.359 0.73931 8.753 0.35872 8.5711 
0.73975 44.385 0.73975 8.753 0.35851 8.5652 
0.74019 44.411 0.74019 8.752 0.35926 8.5629 
0.74063 44.438 0.74063 8.752 0.35958 8.5590 
0.74107 44.464 0.74107 8.753 0.35968 8.5544 
0.74150 44.490 0.74150 8.751 0.35979 8.5497 
0.74194 44.517 0.74194 8.750 0.36032 8.5466 
0.74238 44.543 0.74238 8.749 0.36160 8.5464 
0.74282 44.569 0.74282 8.749 0.36245 8.5445 
0.74326 44.595 0.74326 8.749 0.36276 8.5406 
0.74370 44.622 0.74370 8.750 0.36245 8.5344 
0.74413 44.648 0.74413 8.749 0.36245 8.5294 
0.74457 44.674 0.74457 8.750 0.36223 8.5236 
0.74501 44.701 0.74501 8.750 0.36223 8.5185 
0.74545 44.727 0.74545 8.748 0.36245 8.5143 
0.74589 44.753 0.74589 8.747 0.36340 8.5128 
0.74633 44.780 0.74633 8.747 0.36425 8.5110 
0.74677 44.806 0.74677 8.749 0.36393 8.5048 
0.74720 44.832 0.74720 8.748 0.36351 8.4983 
0.74764 44.859 0.74764 8.746 0.36393 8.4948 
0.74808 44.885 0.74808 8.746 0.36500 8.4938 
0.74852 44.911 0.74852 8.748 0.36510 8.4892 
0.74896 44.938 0.74896 8.748 0.36446 8.4819 
0.74940 44.964 0.74940 8.746 0.36436 8.4765 
0.74984 44.990 0.74984 8.748 0.36446 8.4719 
0.75027 45.016 0.75027 8.750 0.36372 8.4643 
0.75071 45.043 0.75071 8.749 0.36276 8.4558 
0.75115 45.069 0.75115 8.749 0.36223 8.4489 
0.75159 45.095 0.75159 8.750 0.36212 8.4436 
0.75203 45.122 0.75203 8.750 0.36170 8.4371 
0.75247 45.148 0.75247 8.750 0.36149 8.4314 
0.75290 45.174 0.75290 8.750 0.36170 8.4273 
0.75334 45.201 0.75334 8.749 0.36202 8.4235 
0.75378 45.227 0.75378 8.751 0.36181 8.4179 
0.75422 45.253 0.75422 8.750 0.36159 8.4122 
0.75466 45.280 0.75466 8.750 0.36149 8.4069 
0.75510 45.306 0.75510 8.750 0.36181 8.4032 
0.75554 45.332 0.75554 8.748 0.36255 8.4010 
0.75597 45.358 0.75597 8.749 0.36287 8.3973 
0.75641 45.385 0.75641 8.752 0.36212 8.3898 
0.75685 45.411 0.75685 8.752 0.36085 8.3802 
0.75729 45.437 0.75729 8.751 0.36021 8.3730 
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0.75773 45.464 0.75773 8.751 0.36053 8.3694 
0.75817 45.490 0.75817 8.751 0.36085 8.3657 
0.75861 45.516 0.75861 8.749 0.36128 8.3624 
0.75904 45.543 0.75904 8.749 0.36181 8.3595 
0.75948 45.569 0.75948 8.752 0.36159 8.3539 
0.75992 45.595 0.75992 8.753 0.36032 8.3444 
0.76036 45.622 0.76036 8.752 0.35957 8.3369 
0.76080 45.648 0.76080 8.749 0.36032 8.3348 
0.76124 45.674 0.76124 8.750 0.36128 8.3335 
0.76167 45.700 0.76167 8.751 0.36149 8.3295 
0.76211 45.727 0.76211 8.752 0.36064 8.3216 
0.76255 45.753 0.76255 8.752 0.36011 8.3149 
0.76299 45.779 0.76299 8.753 0.35947 8.3078 
0.76343 45.806 0.76343 8.754 0.35894 8.3011 
0.76387 45.832 0.76387 8.754 0.35819 8.2936 
0.76431 45.858 0.76431 8.753 0.35809 8.2884 
0.76474 45.885 0.76474 8.754 0.35777 8.2825 
0.76518 45.911 0.76518 8.754 0.35777 8.2778 
0.76562 45.937 0.76562 8.756 0.35692 8.2699 
0.76606 45.964 0.76606 8.756 0.35649 8.2636 
0.76650 45.990 0.76650 8.754 0.35639 8.2585 
0.76694 46.016 0.76694 8.755 0.35649 8.2542 
0.76738 46.043 0.76738 8.755 0.35671 8.2503 
0.76781 46.069 0.76781 8.755 0.35639 8.2444 
0.76825 46.095 0.76825 8.754 0.35692 8.2416 
0.76869 46.121 0.76869 8.753 0.35766 8.2396 
0.76913 46.148 0.76913 8.752 0.35883 8.2392 
0.76957 46.174 0.76957 8.752 0.35936 8.2364 
0.77001 46.200 0.77001 8.750 0.36021 8.2348 
0.77044 46.227 0.77044 8.750 0.36096 8.2328 
0.77088 46.253 0.77088 8.749 0.36191 8.2315 
0.77132 46.279 0.77132 8.750 0.36202 8.2272 
0.77176 46.306 0.77176 8.750 0.36191 8.2222 
0.77220 46.332 0.77220 8.747 0.36266 8.2202 
0.77264 46.358 0.77264 8.748 0.36340 8.2181 
0.77308 46.385 0.77308 8.749 0.36383 8.2150 
0.77351 46.411 0.77351 8.749 0.36308 8.2077 
0.77395 46.437 0.77395 8.750 0.36223 8.2000 
0.77439 46.463 0.77439 8.750 0.36170 8.1935 
0.77483 46.490 0.77483 8.752 0.36096 8.1862 
0.77527 46.516 0.77527 8.753 0.36021 8.1789 
0.77571 46.542 0.77571 8.751 0.36011 8.1739 
0.77615 46.569 0.77615 8.751 0.36042 8.1704 
0.77658 46.595 0.77658 8.752 0.36064 8.1665 
0.77702 46.621 0.77702 8.753 0.36000 8.1597 
0.77746 46.648 0.77746 8.753 0.35915 8.1520 
0.77790 46.674 0.77790 8.752 0.35904 8.1470 
0.77834 46.700 0.77834 8.753 0.35904 8.1424 
0.77878 46.727 0.77878 8.753 0.35915 8.1382 
0.77921 46.753 0.77921 8.751 0.35947 8.1348 
0.77965 46.779 0.77965 8.752 0.35979 8.1314 
0.78009 46.806 0.78009 8.754 0.35958 8.1260 
0.78053 46.832 0.78053 8.754 0.35872 8.1184 
0.78097 46.858 0.78097 8.753 0.35830 8.1124 
0.78141 46.884 0.78141 8.752 0.35894 8.1101 
0.78185 46.911 0.78185 8.751 0.36000 8.1093 
0.78228 46.937 0.78228 8.749 0.36117 8.1089 
0.78272 46.963 0.78272 8.749 0.36191 8.1070 
0.78316 46.990 0.78316 8.749 0.36234 8.1040 
0.78360 47.016 0.78360 8.750 0.36213 8.0987 
0.78404 47.042 0.78404 8.750 0.36202 8.0938 
0.78448 47.069 0.78448 8.748 0.36244 8.0907 
0.78492 47.095 0.78492 8.749 0.36266 8.0870 
0.78535 47.121 0.78535 8.751 0.36234 8.0813 
0.78579 47.148 0.78579 8.753 0.36074 8.0712 
0.78623 47.174 0.78623 8.754 0.35936 8.0618 
0.78667 47.200 0.78667 8.754 0.35830 8.0536 
0.78711 47.226 0.78711 8.753 0.35841 8.0495 
0.78755 47.253 0.78755 8.753 0.35851 8.0454 
0.78798 47.279 0.78798 8.753 0.35883 8.0420 
0.78842 47.305 0.78842 8.752 0.35915 8.0387 
0.78886 47.332 0.78886 8.752 0.35947 8.0353 
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0.78930 47.358 0.78930 8.751 0.36000 8.0327 
0.78974 47.384 0.78974 8.753 0.35968 8.0271 
0.79018 47.411 0.79018 8.750 0.36043 8.0253 
0.79062 47.437 0.79062 8.749 0.36117 8.0235 
0.79105 47.463 0.79105 8.751 0.36159 8.0205 
0.79149 47.490 0.79149 8.752 0.36096 8.0138 
0.79193 47.516 0.79193 8.750 0.36064 8.0083 
0.79237 47.542 0.79237 8.750 0.36096 8.0050 
0.79281 47.568 0.79281 8.751 0.36117 8.0013 
0.79325 47.595 0.79325 8.751 0.36096 7.9961 
0.79369 47.621 0.79369 8.752 0.36053 7.9902 
0.79412 47.647 0.79412 8.750 0.36085 7.9869 
0.79456 47.674 0.79456 8.750 0.36117 7.9836 
0.79500 47.700 0.79500 8.751 0.36138 7.9800 
0.79544 47.726 0.79544 8.750 0.36160 7.9763 
0.79588 47.753 0.79588 8.748 0.36213 7.9737 
0.79632 47.779 0.79632 8.748 0.36319 7.9730 
0.79675 47.805 0.79675 8.748 0.36383 7.9708 
0.79719 47.832 0.79719 8.748 0.36372 7.9661 
0.79763 47.858 0.79763 8.749 0.36329 7.9602 
0.79807 47.884 0.79807 8.747 0.36340 7.9562 
0.79851 47.911 0.79851 8.746 0.36415 7.9544 
0.79895 47.937 0.79895 8.747 0.36478 7.9523 
0.79939 47.963 0.79939 8.748 0.36457 7.9472 
0.79982 47.989 0.79982 8.749 0.36361 7.9395 
0.80026 48.016 0.80026 8.752 0.36212 7.9300 
0.80070 48.042 0.80070 8.753 0.36064 7.9206 
0.80114 48.068 0.80114 8.752 0.35957 7.9125 
0.80158 48.095 0.80158 8.753 0.35904 7.9064 
0.80202 48.121 0.80202 8.754 0.35862 7.9006 
0.80246 48.147 0.80246 8.754 0.35809 7.8944 
0.80289 48.174 0.80289 8.754 0.35798 7.8897 
0.80333 48.200 0.80333 8.754 0.35809 7.8858 
0.80377 48.226 0.80377 8.753 0.35841 7.8826 
0.80421 48.253 0.80421 8.752 0.35904 7.8805 
0.80465 48.279 0.80465 8.750 0.36011 7.8799 
0.80509 48.305 0.80509 8.751 0.36085 7.8782 
0.80552 48.331 0.80552 8.752 0.36074 7.8735 
0.80596 48.358 0.80596 8.751 0.36064 7.8689 
0.80640 48.384 0.80640 8.749 0.36106 7.8660 
0.80684 48.410 0.80684 8.749 0.36191 7.8647 
0.80728 48.437 0.80728 8.752 0.36149 7.8589 
0.80772 48.463 0.80772 8.752 0.36064 7.8518 
0.80816 48.489 0.80816 8.751 0.36021 7.8460 
0.80859 48.516 0.80859 8.750 0.36074 7.8436 
0.80903 48.542 0.80903 8.752 0.36064 7.8390 
0.80947 48.568 0.80947 8.750 0.36074 7.8351 
0.80991 48.595 0.80991 8.749 0.36106 7.8320 
0.81035 48.621 0.81035 8.749 0.36213 7.8314 
0.81079 48.647 0.81079 8.749 0.36266 7.8289 
0.81123 48.674 0.81123 8.748 0.36298 7.8258 
0.81166 48.700 0.81166 8.749 0.36298 7.8215 
0.81210 48.726 0.81210 8.748 0.36330 7.8184 
0.81254 48.752 0.81254 8.750 0.36276 7.8124 
0.81298 48.779 0.81298 8.750 0.36255 7.8074 
0.81342 48.805 0.81342 8.748 0.36255 7.8032 
0.81386 48.831 0.81386 8.749 0.36276 7.7998 
0.81429 48.858 0.81429 8.748 0.36329 7.7974 
0.81473 48.884 0.81473 8.748 0.36308 7.7924 
0.81517 48.910 0.81517 8.748 0.36340 7.7893 
0.81561 48.937 0.81561 8.749 0.36308 7.7841 
0.81605 48.963 0.81605 8.748 0.36319 7.7802 
0.81649 48.989 0.81649 8.749 0.36308 7.7757 
0.81693 49.016 0.81693 8.748 0.36340 7.7726 
0.81736 49.042 0.81736 8.750 0.36276 7.7663 
0.81780 49.068 0.81780 8.750 0.36223 7.7603 
0.81824 49.094 0.81824 8.749 0.36202 7.7554 
0.81868 49.121 0.81868 8.749 0.36244 7.7527 
0.81912 49.147 0.81912 8.748 0.36329 7.7514 
0.81956 49.173 0.81956 8.747 0.36393 7.7494 
0.82000 49.200 0.82000 8.747 0.36446 7.7471 
0.82043 49.226 0.82043 8.746 0.36489 7.7443 
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0.82087 49.252 0.82087 8.746 0.36500 7.7406 
0.82131 49.279 0.82131 8.744 0.36595 7.7396 
0.82175 49.305 0.82175 8.744 0.36670 7.7380 
0.82219 49.331 0.82219 8.745 0.36723 7.7356 
0.82263 49.358 0.82263 8.746 0.36670 7.7297 
0.82306 49.384 0.82306 8.746 0.36606 7.7235 
0.82350 49.410 0.82350 8.746 0.36563 7.7180 
0.82394 49.436 0.82394 8.748 0.36478 7.7110 
0.82438 49.463 0.82438 8.750 0.36361 7.7030 
0.82482 49.489 0.82482 8.750 0.36234 7.6947 
0.82526 49.515 0.82526 8.751 0.36159 7.6881 
0.82570 49.542 0.82570 8.751 0.36128 7.6829 
0.82613 49.568 0.82613 8.749 0.36170 7.6803 
0.82657 49.594 0.82657 8.748 0.36266 7.6794 
0.82701 49.621 0.82701 8.748 0.36340 7.6778 
0.82745 49.647 0.82745 8.749 0.36319 7.6730 
0.82789 49.673 0.82789 8.751 0.36223 7.6658 
0.82833 49.700 0.82833 8.751 0.36127 7.6585 
0.82877 49.726 0.82877 8.749 0.36149 7.6552 
0.82920 49.752 0.82920 8.748 0.36223 7.6536 
0.82964 49.779 0.82964 8.749 0.36297 7.6520 
0.83008 49.805 0.83008 8.749 0.36276 7.6473 
0.83052 49.831 0.83052 8.751 0.36191 7.6404 
0.83096 49.857 0.83096 8.752 0.36106 7.6336 
0.83140 49.884 0.83140 8.751 0.36064 7.6281 
0.83183 49.910 0.83183 8.751 0.36064 7.6241 
0.83227 49.936 0.83227 8.750 0.36106 7.6215 
0.83271 49.963 0.83271 8.749 0.36170 7.6196 
0.83315 49.989 0.83315 8.749 0.36234 7.6177 
0.83359 50.015 0.83359 8.748 0.36298 7.6158 
0.83403 50.042 0.83403 8.747 0.36361 7.6139 
0.83447 50.068 0.83447 8.747 0.36415 7.6117 
0.83490 50.094 0.83490 8.748 0.36436 7.6084 
0.83534 50.121 0.83534 8.747 0.36436 7.6044 
0.83578 50.147 0.83578 8.749 0.36393 7.5990 
0.83622 50.173 0.83622 8.750 0.36330 7.5929 
0.83666 50.200 0.83666 8.751 0.36191 7.5844 
0.83710 50.226 0.83710 8.751 0.36117 7.5780 
0.83754 50.252 0.83754 8.752 0.36032 7.5712 
0.83797 50.278 0.83797 8.752 0.35989 7.5658 
0.83841 50.305 0.83841 8.753 0.35915 7.5594 
0.83885 50.331 0.83885 8.755 0.35809 7.5519 
0.83929 50.357 0.83929 8.756 0.35692 7.5440 
0.83973 50.384 0.83973 8.757 0.35575 7.5362 
0.84017 50.410 0.84017 8.755 0.35575 7.5323 
0.84060 50.436 0.84060 8.753 0.35660 7.5312 
0.84104 50.463 0.84104 8.753 0.35777 7.5311 
0.84148 50.489 0.84148 8.755 0.35777 7.5272 
0.84192 50.515 0.84192 8.755 0.35724 7.5215 
0.84236 50.542 0.84236 8.756 0.35617 7.5141 
0.84280 50.568 0.84280 8.756 0.35586 7.5091 
0.84324 50.594 0.84324 8.755 0.35586 7.5052 
0.84367 50.620 0.84367 8.754 0.35660 7.5038 
0.84411 50.647 0.84411 8.754 0.35734 7.5023 
0.84455 50.673 0.84455 8.753 0.35787 7.5002 
0.84499 50.699 0.84499 8.756 0.35734 7.4946 
0.84543 50.726 0.84543 8.754 0.35756 7.4914 
0.84587 50.752 0.84587 8.753 0.35766 7.4878 
0.84631 50.778 0.84631 8.754 0.35819 7.4857 
0.84674 50.805 0.84674 8.753 0.35851 7.4829 
0.84718 50.831 0.84718 8.753 0.35841 7.4787 
0.84762 50.857 0.84762 8.754 0.35851 7.4751 
0.84806 50.884 0.84806 8.754 0.35809 7.4699 
0.84850 50.910 0.84850 8.754 0.35798 7.4657 
0.84894 50.936 0.84894 8.753 0.35819 7.4625 
0.84937 50.962 0.84937 8.753 0.35862 7.4601 
0.84981 50.989 0.84981 8.754 0.35862 7.4562 
0.85025 51.015 0.85025 8.753 0.35872 7.4527 
0.85069 51.041 0.85069 8.753 0.35872 7.4489 
0.85113 51.068 0.85113 8.754 0.35862 7.4447 
0.85157 51.094 0.85157 8.753 0.35872 7.4412 
0.85201 51.120 0.85201 8.752 0.35904 7.4384 
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0.85244 51.147 0.85244 8.752 0.35968 7.4367 
0.85288 51.173 0.85288 8.751 0.36021 7.4346 
0.85332 51.199 0.85332 8.752 0.36000 7.4301 
0.85376 51.226 0.85376 8.750 0.36064 7.4283 
0.85420 51.252 0.85420 8.749 0.36138 7.4269 
0.85464 51.278 0.85464 8.747 0.36298 7.4283 
0.85508 51.305 0.85508 8.747 0.36383 7.4272 
0.85551 51.331 0.85551 8.747 0.36425 7.4248 
0.85595 51.357 0.85595 8.748 0.36393 7.4199 
0.85639 51.383 0.85639 8.749 0.36340 7.4144 
0.85683 51.410 0.85683 8.748 0.36319 7.4099 
0.85727 51.436 0.85727 8.748 0.36329 7.4065 
0.85771 51.462 0.85771 8.747 0.36393 7.4047 
0.85814 51.489 0.85814 8.747 0.36415 7.4016 
0.85858 51.515 0.85858 8.750 0.36351 7.3958 
0.85902 51.541 0.85902 8.750 0.36266 7.3893 
0.85946 51.568 0.85946 8.748 0.36234 7.3845 
0.85990 51.594 0.85990 8.748 0.36298 7.3828 
0.86034 51.620 0.86034 8.747 0.36393 7.3821 
0.86078 51.647 0.86078 8.746 0.36478 7.3811 
0.86121 51.673 0.86121 8.746 0.36553 7.3797 
0.86165 51.699 0.86165 8.746 0.36574 7.3766 
0.86209 51.725 0.86209 8.746 0.36553 7.3722 
0.86253 51.752 0.86253 8.747 0.36521 7.3674 
0.86297 51.778 0.86297 8.746 0.36532 7.3640 
0.86341 51.804 0.86341 8.747 0.36510 7.3596 
0.86385 51.831 0.86385 8.746 0.36532 7.3565 
0.86428 51.857 0.86428 8.746 0.36510 7.3521 
0.86472 51.883 0.86472 8.747 0.36500 7.3480 
0.86516 51.910 0.86516 8.749 0.36415 7.3416 
0.86560 51.936 0.86560 8.751 0.36276 7.3335 
0.86604 51.962 0.86604 8.751 0.36159 7.3261 
0.86648 51.989 0.86648 8.751 0.36074 7.3196 
0.86691 52.015 0.86691 8.752 0.36032 7.3146 
0.86735 52.041 0.86735 8.751 0.36032 7.3109 
0.86779 52.068 0.86779 8.751 0.36053 7.3079 
0.86823 52.094 0.86823 8.753 0.36011 7.3028 
0.86867 52.120 0.86867 8.752 0.35968 7.2978 
0.86911 52.146 0.86911 8.751 0.35968 7.2941 
0.86955 52.173 0.86955 8.749 0.36096 7.2945 
0.86998 52.199 0.86998 8.748 0.36223 7.2949 
0.87042 52.225 0.87042 8.747 0.36351 7.2952 
0.87086 52.252 0.87086 8.747 0.36415 7.2936 
0.87130 52.278 0.87130 8.747 0.36446 7.2909 
0.87174 52.304 0.87174 8.747 0.36436 7.2869 
0.87218 52.331 0.87218 8.746 0.36478 7.2846 
0.87262 52.357 0.87262 8.748 0.36468 7.2806 
0.87305 52.383 0.87305 8.748 0.36425 7.2756 
0.87349 52.410 0.87349 8.750 0.36298 7.2679 
0.87393 52.436 0.87393 8.751 0.36181 7.2606 
0.87437 52.462 0.87437 8.751 0.36085 7.2539 
0.87481 52.488 0.87481 8.754 0.35968 7.2466 
0.87525 52.515 0.87525 8.754 0.35894 7.2406 
0.87568 52.541 0.87568 8.753 0.35830 7.2349 
0.87612 52.567 0.87612 8.754 0.35809 7.2306 
0.87656 52.594 0.87656 8.754 0.35777 7.2260 
0.87700 52.620 0.87700 8.750 0.35872 7.2254 
0.87744 52.646 0.87744 8.749 0.36053 7.2275 
0.87788 52.673 0.87788 8.749 0.36244 7.2299 
0.87832 52.699 0.87832 8.747 0.36351 7.2297 
0.87875 52.725 0.87875 8.746 0.36436 7.2287 
0.87919 52.752 0.87919 8.746 0.36521 7.2278 
0.87963 52.778 0.87963 8.747 0.36532 7.2245 
0.88007 52.804 0.88007 8.746 0.36532 7.2209 
0.88051 52.830 0.88051 8.745 0.36563 7.2183 
0.88095 52.857 0.88095 8.747 0.36542 7.2140 
0.88139 52.883 0.88139 8.748 0.36468 7.2081 
0.88182 52.909 0.88182 8.750 0.36319 7.1999 
0.88226 52.936 0.88226 8.750 0.36223 7.1933 
0.88270 52.962 0.88270 8.750 0.36160 7.1878 
0.88314 52.988 0.88314 8.750 0.36138 7.1835 
0.88358 53.015 0.88358 8.750 0.36138 7.1800 
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0.88402 53.041 0.88402 8.749 0.36181 7.1777 
0.88445 53.067 0.88445 8.750 0.36191 7.1745 
0.88489 53.094 0.88489 8.751 0.36160 7.1700 
0.88533 53.120 0.88533 8.750 0.36117 7.1651 
0.88577 53.146 0.88577 8.749 0.36138 7.1622 
0.88621 53.173 0.88621 8.748 0.36234 7.1616 
0.88665 53.199 0.88665 8.747 0.36340 7.1614 
0.88709 53.225 0.88709 8.746 0.36436 7.1608 
0.88752 53.251 0.88752 8.746 0.36510 7.1596 
0.88796 53.278 0.88796 8.745 0.36595 7.1587 
0.88840 53.304 0.88840 8.746 0.36616 7.1558 
0.88884 53.330 0.88884 8.745 0.36648 7.1532 
0.88928 53.357 0.88928 8.745 0.36648 7.1497 
0.88972 53.383 0.88972 8.745 0.36680 7.1472 
0.89016 53.409 0.89016 8.748 0.36585 7.1407 
0.89059 53.436 0.89059 8.749 0.36446 7.1329 
0.89103 53.462 0.89103 8.750 0.36266 7.1239 
0.89147 53.488 0.89147 8.752 0.36138 7.1164 
0.89191 53.515 0.89191 8.752 0.36032 7.1096 
0.89235 53.541 0.89235 8.753 0.35947 7.1035 
0.89279 53.567 0.89279 8.752 0.35947 7.1000 
0.89322 53.593 0.89322 8.752 0.35958 7.0968 
0.89366 53.620 0.89366 8.753 0.35958 7.0933 
0.89410 53.646 0.89410 8.754 0.35904 7.0882 
0.89454 53.672 0.89454 8.752 0.35883 7.0841 
0.89498 53.699 0.89498 8.754 0.35862 7.0799 
0.89542 53.725 0.89542 8.753 0.35894 7.0775 
0.89586 53.751 0.89586 8.753 0.35862 7.0730 
0.89629 53.778 0.89629 8.754 0.35851 7.0692 
0.89673 53.804 0.89673 8.754 0.35787 7.0638 
0.89717 53.830 0.89717 8.756 0.35692 7.0573 
0.89761 53.857 0.89761 8.758 0.35564 7.0499 
0.89805 53.883 0.89805 8.756 0.35522 7.0451 
0.89849 53.909 0.89849 8.755 0.35564 7.0430 
0.89893 53.936 0.89893 8.756 0.35628 7.0416 
0.89936 53.962 0.89936 8.754 0.35702 7.0405 
0.89980 53.988 0.89980 8.753 0.35777 7.0393 
0.90024 54.014 0.90024 8.751 0.35926 7.0405 
0.90068 54.041 0.90068 8.752 0.35979 7.0387 
0.90112 54.067 0.90112 8.753 0.35979 7.0353 
0.90156 54.093 0.90156 8.749 0.36064 7.0345 
0.90199 54.120 0.90199 8.748 0.36181 7.0347 
0.90243 54.146 0.90243 8.749 0.36308 7.0352 
0.90287 54.172 0.90287 8.749 0.36308 7.0317 
0.90331 54.199 0.90331 8.747 0.36361 7.0299 
0.90375 54.225 0.90375 8.748 0.36383 7.0272 
0.90419 54.251 0.90419 8.749 0.36361 7.0231 
0.90463 54.278 0.90463 8.747 0.36340 7.0191 
0.90506 54.304 0.90506 8.747 0.36372 7.0166 
0.90550 54.330 0.90550 8.747 0.36457 7.0158 
0.90594 54.356 0.90594 8.750 0.36383 7.0102 
0.90638 54.383 0.90638 8.747 0.36372 7.0065 
0.90682 54.409 0.90682 8.748 0.36330 7.0018 
0.90726 54.435 0.90726 8.747 0.36404 7.0007 
0.90770 54.462 0.90770 8.748 0.36372 6.9963 
0.90813 54.488 0.90813 8.749 0.36340 6.9920 
0.90857 54.514 0.90857 8.750 0.36244 6.9857 
0.90901 54.541 0.90901 8.753 0.36106 6.9781 
0.90945 54.567 0.90945 8.751 0.36032 6.9725 
0.90989 54.593 0.90989 8.752 0.35989 6.9678 
0.91033 54.620 0.91033 8.751 0.36053 6.9664 
0.91076 54.646 0.91076 8.752 0.36043 6.9627 
0.91120 54.672 0.91120 8.750 0.36106 6.9613 
0.91164 54.698 0.91164 8.751 0.36085 6.9573 
0.91208 54.725 0.91208 8.750 0.36138 6.9556 
0.91252 54.751 0.91252 8.749 0.36159 6.9529 
0.91296 54.777 0.91296 8.748 0.36255 6.9525 
0.91340 54.804 0.91340 8.749 0.36298 6.9504 
0.91383 54.830 0.91383 8.749 0.36298 6.9471 
0.91427 54.856 0.91427 8.748 0.36308 6.9441 
0.91471 54.883 0.91471 8.748 0.36319 6.9410 
0.91515 54.909 0.91515 8.749 0.36319 6.9377 
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0.91559 54.935 0.91559 8.752 0.36191 6.9306 
0.91603 54.962 0.91603 8.751 0.36106 6.9247 
0.91647 54.988 0.91647 8.752 0.36011 6.9185 
0.91690 55.014 0.91690 8.752 0.36000 6.9148 
0.91734 55.041 0.91734 8.751 0.36000 6.9115 
0.91778 55.067 0.91778 8.750 0.36074 6.9105 
0.91822 55.093 0.91822 8.749 0.36181 6.9104 
0.91866 55.119 0.91866 8.746 0.36329 6.9115 
0.91910 55.146 0.91910 8.747 0.36404 6.9105 
0.91953 55.172 0.91953 8.747 0.36468 6.9091 
0.91997 55.198 0.91997 8.746 0.36500 6.9067 
0.92041 55.225 0.92041 8.746 0.36531 6.9044 
0.92085 55.251 0.92085 8.748 0.36510 6.9005 
0.92129 55.277 0.92129 8.749 0.36404 6.8940 
0.92173 55.304 0.92173 8.749 0.36329 6.8885 
0.92217 55.330 0.92217 8.750 0.36244 6.8827 
0.92260 55.356 0.92260 8.752 0.36127 6.8759 
0.92304 55.383 0.92304 8.755 0.35904 6.8660 
0.92348 55.409 0.92348 8.754 0.35798 6.8595 
0.92392 55.435 0.92392 8.754 0.35724 6.8540 
0.92436 55.461 0.92436 8.755 0.35745 6.8514 
0.92480 55.488 0.92480 8.754 0.35734 6.8478 
0.92524 55.514 0.92524 8.752 0.35819 6.8471 
0.92567 55.540 0.92567 8.751 0.35957 6.8480 
0.92611 55.567 0.92611 8.751 0.36064 6.8480 
0.92655 55.593 0.92655 8.750 0.36117 6.8463 
0.92699 55.619 0.92699 8.750 0.36149 6.8440 
0.92743 55.646 0.92743 8.750 0.36181 6.8418 
0.92787 55.672 0.92787 8.751 0.36170 6.8382 
0.92830 55.698 0.92830 8.752 0.36106 6.8331 
0.92874 55.725 0.92874 8.753 0.36000 6.8267 
0.92918 55.751 0.92918 8.753 0.35926 6.8212 
0.92962 55.777 0.92962 8.753 0.35894 6.8171 
0.93006 55.804 0.93006 8.752 0.35926 6.8148 
0.93050 55.830 0.93050 8.751 0.35989 6.8135 
0.93094 55.856 0.93094 8.751 0.36053 6.8122 
0.93137 55.882 0.93137 8.751 0.36074 6.8096 
0.93181 55.909 0.93181 8.749 0.36138 6.8083 
0.93225 55.935 0.93225 8.748 0.36234 6.8079 
0.93269 55.961 0.93269 8.745 0.36436 6.8107 
0.93313 55.988 0.93313 8.743 0.36638 6.8134 
0.93357 56.014 0.93357 8.742 0.36840 6.8161 
0.93401 56.040 0.93401 8.743 0.36914 6.8151 
0.93444 56.067 0.93444 8.743 0.36914 6.8119 
0.93488 56.093 0.93488 8.744 0.36829 6.8062 
0.93532 56.119 0.93532 8.746 0.36733 6.8002 
0.93576 56.146 0.93576 8.745 0.36680 6.7955 
0.93620 56.172 0.93620 8.746 0.36638 6.7911 
0.93664 56.198 0.93664 8.748 0.36574 6.7860 
0.93707 56.224 0.93707 8.748 0.36468 6.7798 
0.93751 56.251 0.93751 8.749 0.36361 6.7735 
0.93795 56.277 0.93795 8.749 0.36329 6.7694 
0.93839 56.303 0.93839 8.748 0.36308 6.7656 
0.93883 56.330 0.93883 8.750 0.36266 6.7612 
0.93927 56.356 0.93927 8.750 0.36223 6.7568 
0.93971 56.382 0.93971 8.748 0.36245 6.7542 
0.94014 56.409 0.94014 8.750 0.36245 6.7511 
0.94058 56.435 0.94058 8.751 0.36213 6.7470 
0.94102 56.461 0.94102 8.751 0.36117 6.7411 
0.94146 56.488 0.94146 8.752 0.36043 6.7357 
0.94190 56.514 0.94190 8.753 0.35989 6.7310 
0.94234 56.540 0.94234 8.755 0.35851 6.7238 
0.94278 56.567 0.94278 8.754 0.35787 6.7188 
0.94321 56.593 0.94321 8.754 0.35724 6.7138 
0.94365 56.619 0.94365 8.755 0.35713 6.7103 
0.94409 56.645 0.94409 8.755 0.35681 6.7063 
0.94453 56.672 0.94453 8.754 0.35692 6.7035 
0.94497 56.698 0.94497 8.754 0.35745 6.7019 
0.94541 56.724 0.94541 8.753 0.35819 6.7010 
0.94584 56.751 0.94584 8.752 0.35894 6.7001 
0.94628 56.777 0.94628 8.752 0.35958 6.6989 
0.94672 56.803 0.94672 8.748 0.36106 6.7002 
213 
Time 
(min) 
Time 
(sec) 
Cumulative 
Delta Time(min) 
Depth 
(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht) 
0.94716 56.830 0.94716 8.748 0.36223 6.7005 
0.94760 56.856 0.94760 8.746 0.36393 6.7023 
0.94804 56.882 0.94804 8.746 0.36489 6.7020 
0.94848 56.909 0.94848 8.745 0.36606 6.7023 
0.94891 56.935 0.94891 8.744 0.36702 6.7019 
0.94935 56.961 0.94935 8.744 0.36755 6.7003 
0.94979 56.987 0.94979 8.744 0.36776 6.6979 
0.95023 57.014 0.95023 8.744 0.36776 6.6948 
0.95067 57.040 0.95067 8.742 0.36840 6.6935 
0.95111 57.066 0.95111 8.743 0.36893 6.6919 
0.95155 57.093 0.95155 8.744 0.36882 6.6885 
0.95198 57.119 0.95198 8.744 0.36829 6.6839 
0.95242 57.145 0.95242 8.743 0.36829 6.6809 
0.95286 57.172 0.95286 8.742 0.36893 6.6796 
0.95330 57.198 0.95330 8.743 0.36925 6.6774 
0.95374 57.224 0.95374 8.742 0.36935 6.6747 
0.95418 57.251 0.95418 8.741 0.36967 6.6725 
0.95461 57.277 0.95461 8.743 0.36967 6.6694 
0.95505 57.303 0.95505 8.745 0.36893 6.6643 
0.95549 57.330 0.95549 8.744 0.36808 6.6588 
0.95593 57.356 0.95593 8.743 0.36808 6.6557 
0.95637 57.382 0.95637 8.746 0.36776 6.6518 
0.95681 57.408 0.95681 8.747 0.36659 6.6454 
0.95725 57.435 0.95725 8.748 0.36489 6.6375 
0.95768 57.461 0.95768 8.748 0.36414 6.6323 
0.95812 57.487 0.95812 8.749 0.36361 6.6278 
0.95856 57.514 0.95856 8.749 0.36319 6.6235 
0.95900 57.540 0.95900 8.748 0.36297 6.6199 
0.95944 57.566 0.95944 8.748 0.36329 6.6178 
0.95988 57.593 0.95988 8.750 0.36287 6.6135 
0.96032 57.619 0.96032 8.751 0.36191 6.6078 
0.96075 57.645 0.96075 8.749 0.36138 6.6032 
0.96119 57.672 0.96119 8.748 0.36202 6.6020 
0.96163 57.698 0.96163 8.748 0.36298 6.6018 
0.96207 57.724 0.96207 8.749 0.36308 6.5991 
0.96251 57.750 0.96251 8.749 0.36298 6.5958 
0.96295 57.777 0.96295 8.749 0.36266 6.5918 
0.96338 57.803 0.96338 8.749 0.36255 6.5885 
0.96382 57.829 0.96382 8.750 0.36223 6.5846 
0.96426 57.856 0.96426 8.749 0.36234 6.5819 
0.96470 57.882 0.96470 8.748 0.36276 6.5802 
0.96514 57.908 0.96514 8.750 0.36255 6.5766 
0.96558 57.935 0.96558 8.752 0.36170 6.5711 
0.96602 57.961 0.96602 8.752 0.36032 6.5642 
0.96645 57.987 0.96645 8.751 0.36000 6.5603 
0.96689 58.014 0.96689 8.750 0.36064 6.5592 
0.96733 58.040 0.96733 8.750 0.36149 6.5586 
0.96777 58.066 0.96777 8.748 0.36245 6.5584 
0.96821 58.093 0.96821 8.749 0.36276 6.5563 
0.96865 58.119 0.96865 8.748 0.36319 6.5546 
0.96909 58.145 0.96909 8.749 0.36308 6.5513 
0.96952 58.171 0.96952 8.748 0.36319 6.5486 
0.96996 58.198 0.96996 8.747 0.36351 6.5466 
0.97040 58.224 0.97040 8.747 0.36404 6.5451 
0.97084 58.250 0.97084 8.748 0.36425 6.5428 
0.97128 58.277 0.97128 8.748 0.36404 6.5392 
0.97172 58.303 0.97172 8.747 0.36393 6.5360 
0.97215 58.329 0.97215 8.750 0.36329 6.5312 
0.97259 58.356 0.97259 8.749 0.36308 6.5277 
0.97303 58.382 0.97303 8.748 0.36287 6.5241 
0.97347 58.408 0.97347 8.748 0.36340 6.5227 
0.97391 58.435 0.97391 8.746 0.36425 6.5221 
0.97435 58.461 0.97435 8.746 0.36510 6.5216 
0.97479 58.487 0.97479 8.746 0.36574 6.5205 
0.97522 58.513 0.97522 8.745 0.36606 6.5184 
0.97566 58.540 0.97566 8.747 0.36563 6.5143 
0.97610 58.566 0.97610 8.747 0.36532 6.5105 
0.97654 58.592 0.97654 8.746 0.36521 6.5073 
0.97698 58.619 0.97698 8.747 0.36500 6.5037 
0.97742 58.645 0.97742 8.749 0.36425 6.4987 
0.97786 58.671 0.97786 8.750 0.36276 6.4916 
0.97829 58.698 0.97829 8.750 0.36191 6.4863 
214 
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Cumulative 
Delta h (ft) (1/t)ln(H0/Ht) 
0.97873 58.724 0.97873 8.750 0.36181 6.4831 
0.97917 58.750 0.97917 8.750 0.36170 6.4799 
0.97961 58.777 0.97961 8.750 0.36170 6.4770 
0.98005 58.803 0.98005 8.749 0.36191 6.4747 
0.98049 58.829 0.98049 8.751 0.36170 6.4712 
0.98092 58.855 0.98092 8.753 0.36064 6.4653 
0.98136 58.882 0.98136 8.752 0.35979 6.4600 
0.98180 58.908 0.98180 8.751 0.35979 6.4571 
0.98224 58.934 0.98224 8.749 0.36106 6.4579 
0.98268 58.961 0.98268 8.750 0.36159 6.4565 
0.98312 58.987 0.98312 8.752 0.36127 6.4527 
0.98356 59.013 0.98356 8.751 0.36064 6.4480 
0.98399 59.040 0.98399 8.752 0.36000 6.4434 
0.98443 59.066 0.98443 8.753 0.35968 6.4396 
0.98487 59.092 0.98487 8.753 0.35915 6.4352 
0.98531 59.119 0.98531 8.751 0.35958 6.4336 
0.98575 59.145 0.98575 8.751 0.36032 6.4328 
0.98619 59.171 0.98619 8.751 0.36106 6.4320 
0.98663 59.198 0.98663 8.750 0.36117 6.4295 
0.98706 59.224 0.98706 8.750 0.36138 6.4272 
0.98750 59.250 0.98750 8.747 0.36255 6.4276 
0.98794 59.276 0.98794 8.749 0.36287 6.4257 
0.98838 59.303 0.98838 8.750 0.36276 6.4225 
0.98882 59.329 0.98882 8.750 0.36191 6.4173 
0.98926 59.355 0.98926 8.750 0.36170 6.4139 
0.98969 59.382 0.98969 8.750 0.36191 6.4116 
0.99013 59.408 0.99013 8.750 0.36181 6.4085 
0.99057 59.434 0.99057 8.752 0.36117 6.4039 
0.99101 59.461 0.99101 8.754 0.35968 6.3969 
0.99145 59.487 0.99145 8.755 0.35809 6.3895 
0.99189 59.513 0.99189 8.755 0.35713 6.3840 
0.99233 59.540 0.99233 8.754 0.35734 6.3818 
0.99276 59.566 0.99276 8.753 0.35809 6.3811 
0.99320 59.592 0.99320 8.753 0.35872 6.3800 
0.99364 59.618 0.99364 8.752 0.35915 6.3784 
0.99408 59.645 0.99408 8.754 0.35862 6.3741 
0.99452 59.671 0.99452 8.754 0.35830 6.3704 
0.99496 59.697 0.99496 8.751 0.35872 6.3688 
0.99540 59.724 0.99540 8.748 0.36074 6.3716 
0.99583 59.750 0.99583 8.748 0.36266 6.3741 
0.99627 59.776 0.99627 8.750 0.36287 6.3719 
0.99671 59.803 0.99671 8.750 0.36223 6.3674 
0.99715 59.829 0.99715 8.751 0.36117 6.3616 
0.99759 59.855 0.99759 8.751 0.36096 6.3582 
0.99803 59.882 0.99803 8.750 0.36085 6.3551 
0.99846 59.908 0.99846 8.751 0.36106 6.3529 
0.99890 59.934 0.99890 8.750 0.36149 6.3513 
0.99934 59.961 0.99934 8.750 0.36159 6.3488 
0.99978 59.987 0.99978 8.751 0.36149 6.3458 
1.00022 60.013 1.00022 8.751 0.36117 6.3421 
1.00066 60.039 1.00066 8.750 0.36128 6.3396 
1.00110 60.066 1.00110 8.750 0.36170 6.3380 
1.00153 60.092 1.00153 8.749 0.36213 6.3364 
1.00197 60.118 1.00197 8.749 0.36223 6.3339 
1.00241 60.145 1.00241 8.748 0.36287 6.3329 
1.00285 60.171 1.00285 8.746 0.36404 6.3333 
1.00329 60.197 1.00329 8.747 0.36489 6.3329 
1.00373 60.224 1.00373 8.747 0.36500 6.3304 
1.00417 60.250 1.00417 8.747 0.36457 6.3265 
1.00460 60.276 1.00460 8.747 0.36436 6.3232 
1.00504 60.303 1.00504 8.747 0.36436 6.3204 
1.00548 60.329 1.00548 8.748 0.36404 6.3168 
1.00592 60.355 1.00592 8.748 0.36383 6.3134 
1.00636 60.381 1.00636 8.749 0.36340 6.3095 
1.00680 60.408 1.00680 8.750 0.36266 6.3047 
1.00723 60.434 1.00723 8.752 0.36138 6.2985 
1.00767 60.460 1.00767 8.753 0.36000 6.2920 
1.00811 60.487 1.00811 8.754 0.35894 6.2863 
1.00855 60.513 1.00855 8.754 0.35830 6.2818 
1.00899 60.539 1.00899 8.753 0.35830 6.2791 
1.00943 60.566 1.00943 8.752 0.35872 6.2775 
1.00987 60.592 1.00987 8.752 0.35926 6.2762 
215 
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1.01030 60.618 1.01030 8.750 0.36021 6.2762 
1.01074 60.645 1.01074 8.751 0.36074 6.2749 
1.01118 60.671 1.01118 8.750 0.36149 6.2742 
1.01162 60.697 1.01162 8.748 0.36212 6.2732 
1.01206 60.723 1.01206 8.749 0.36276 6.2722 
1.01250 60.750 1.01250 8.747 0.36361 6.2718 
1.01294 60.776 1.01294 8.749 0.36340 6.2685 
1.01337 60.802 1.01337 8.750 0.36297 6.2647 
1.01381 60.829 1.01381 8.751 0.36181 6.2588 
1.01425 60.855 1.01425 8.750 0.36138 6.2549 
1.01469 60.881 1.01469 8.751 0.36096 6.2511 
1.01513 60.908 1.01513 8.749 0.36149 6.2498 
1.01557 60.934 1.01557 8.750 0.36138 6.2468 
1.01600 60.960 1.01600 8.751 0.36149 6.2444 
1.01644 60.987 1.01644 8.749 0.36159 6.2420 
1.01688 61.013 1.01688 8.751 0.36149 6.2390 
1.01732 61.039 1.01732 8.751 0.36149 6.2363 
1.01776 61.066 1.01776 8.749 0.36138 6.2334 
1.01820 61.092 1.01820 8.750 0.36160 6.2313 
1.01864 61.118 1.01864 8.749 0.36223 6.2303 
1.01907 61.144 1.01907 8.750 0.36213 6.2273 
1.01951 61.171 1.01951 8.751 0.36170 6.2235 
1.01995 61.197 1.01995 8.750 0.36128 6.2197 
1.02039 61.223 1.02039 8.751 0.36096 6.2161 
1.02083 61.250 1.02083 8.752 0.36085 6.2132 
1.02127 61.276 1.02127 8.752 0.36042 6.2094 
1.02171 61.302 1.02171 8.751 0.36042 6.2067 
1.02214 61.329 1.02214 8.751 0.36074 6.2049 
1.02258 61.355 1.02258 8.752 0.36064 6.2020 
1.02302 61.381 1.02302 8.753 0.35979 6.1970 
1.02346 61.408 1.02346 8.754 0.35883 6.1917 
1.02390 61.434 1.02390 8.753 0.35862 6.1885 
1.02434 61.460 1.02434 8.754 0.35819 6.1847 
1.02477 61.486 1.02477 8.754 0.35787 6.1812 
1.02521 61.513 1.02521 8.755 0.35692 6.1759 
1.02565 61.539 1.02565 8.755 0.35660 6.1724 
1.02609 61.565 1.02609 8.755 0.35649 6.1695 
1.02653 61.592 1.02653 8.755 0.35660 6.1671 
1.02697 61.618 1.02697 8.753 0.35734 6.1665 
1.02741 61.644 1.02741 8.753 0.35809 6.1659 
1.02784 61.671 1.02784 8.754 0.35862 6.1647 
1.02828 61.697 1.02828 8.754 0.35830 6.1612 
1.02872 61.723 1.02872 8.755 0.35755 6.1566 
1.02916 61.750 1.02916 8.754 0.35734 6.1534 
1.02960 61.776 1.02960 8.752 0.35809 6.1528 
1.03004 61.802 1.03004 8.752 0.35904 6.1528 
1.03048 61.829 1.03048 8.752 0.35989 6.1524 
1.03091 61.855 1.03091 8.752 0.35989 6.1498 
1.03135 61.881 1.03135 8.753 0.35957 6.1463 
1.03179 61.907 1.03179 8.754 0.35894 6.1420 
1.03223 61.934 1.03223 8.754 0.35840 6.1380 
1.03267 61.960 1.03267 8.754 0.35819 6.1348 
1.03311 61.986 1.03311 8.751 0.35915 6.1348 
1.03354 62.013 1.03354 8.753 0.35947 6.1330 
1.03398 62.039 1.03398 8.754 0.35915 6.1296 
1.03442 62.065 1.03442 8.753 0.35830 6.1247 
1.03486 62.092 1.03486 8.756 0.35723 6.1192 
1.03530 62.118 1.03530 8.757 0.35638 6.1143 
1.03574 62.144 1.03574 8.758 0.35479 6.1074 
1.03618 62.171 1.03618 8.760 0.35351 6.1013 
1.03661 62.197 1.03661 8.757 0.35362 6.0990 
1.03705 62.223 1.03705 8.756 0.35436 6.0985 
1.03749 62.249 1.03749 8.757 0.35532 6.0985 
1.03793 62.276 1.03793 8.755 0.35585 6.0974 
1.03837 62.302 1.03837 8.754 0.35660 6.0968 
1.03881 62.328 1.03881 8.753 0.35777 6.0974 
1.03925 62.355 1.03925 8.750 0.35957 6.0997 
1.03968 62.381 1.03968 8.750 0.36074 6.1002 
1.04012 62.407 1.04012 8.748 0.36234 6.1019 
1.04056 62.434 1.04056 8.746 0.36340 6.1021 
1.04100 62.460 1.04100 8.749 0.36383 6.1007 
1.04144 62.486 1.04144 8.751 0.36308 6.0962 
216 
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1.04188 62.513 1.04188 8.751 0.36159 6.0896 
1.04231 62.539 1.04231 8.750 0.36106 6.0857 
1.04275 62.565 1.04275 8.752 0.36064 6.0820 
1.04319 62.591 1.04319 8.753 0.36011 6.0780 
1.04363 62.618 1.04363 8.755 0.35840 6.0709 
1.04407 62.644 1.04407 8.754 0.35787 6.0669 
1.04451 62.670 1.04451 8.753 0.35777 6.0641 
1.04495 62.697 1.04495 8.754 0.35809 6.0624 
1.04538 62.723 1.04538 8.754 0.35787 6.0593 
1.04582 62.749 1.04582 8.754 0.35766 6.0562 
1.04626 62.776 1.04626 8.754 0.35787 6.0542 
1.04670 62.802 1.04670 8.755 0.35745 6.0506 
1.04714 62.828 1.04714 8.754 0.35713 6.0472 
1.04758 62.855 1.04758 8.756 0.35649 6.0429 
1.04802 62.881 1.04802 8.756 0.35638 6.0401 
1.04845 62.907 1.04845 8.756 0.35585 6.0362 
1.04889 62.934 1.04889 8.757 0.35553 6.0328 
1.04933 62.960 1.04933 8.756 0.35553 6.0303 
1.04977 62.986 1.04977 8.755 0.35596 6.0289 
1.05021 63.012 1.05021 8.754 0.35702 6.0292 
1.05065 63.039 1.05065 8.753 0.35798 6.0293 
1.05108 63.065 1.05108 8.752 0.35883 6.0290 
1.05152 63.091 1.05152 8.752 0.35926 6.0276 
1.05196 63.118 1.05196 8.750 0.36011 6.0273 
1.05240 63.144 1.05240 8.749 0.36106 6.0274 
1.05284 63.170 1.05284 8.749 0.36223 6.0279 
1.05328 63.197 1.05328 8.749 0.36266 6.0265 
1.05372 63.223 1.05372 8.748 0.36308 6.0251 
1.05415 63.249 1.05415 8.748 0.36319 6.0229 
1.05459 63.276 1.05459 8.748 0.36340 6.0209 
1.05503 63.302 1.05503 8.748 0.36351 6.0187 
1.05547 63.328 1.05547 8.746 0.36425 6.0182 
1.05591 63.354 1.05591 8.747 0.36468 6.0168 
1.05635 63.381 1.05635 8.749 0.36436 6.0134 
1.05679 63.407 1.05679 8.748 0.36361 6.0090 
1.05722 63.433 1.05722 8.749 0.36308 6.0051 
1.05766 63.460 1.05766 8.748 0.36340 6.0035 
1.05810 63.486 1.05810 8.747 0.36372 6.0018 
1.05854 63.512 1.05854 8.747 0.36436 6.0010 
1.05898 63.539 1.05898 8.746 0.36478 5.9996 
1.05942 63.565 1.05942 8.747 0.36478 5.9971 
1.05985 63.591 1.05985 8.750 0.36383 5.9922 
1.06029 63.618 1.06029 8.750 0.36255 5.9864 
1.06073 63.644 1.06073 8.752 0.36117 5.9803 
1.06117 63.670 1.06117 8.753 0.36021 5.9753 
1.06161 63.697 1.06161 8.753 0.35947 5.9709 
1.06205 63.723 1.06205 8.754 0.35883 5.9668 
1.06249 63.749 1.06249 8.755 0.35809 5.9623 
1.06292 63.775 1.06292 8.756 0.35702 5.9571 
1.06336 63.802 1.06336 8.757 0.35575 5.9513 
1.06380 63.828 1.06380 8.758 0.35458 5.9457 
1.06424 63.854 1.06424 8.757 0.35415 5.9421 
1.06468 63.881 1.06468 8.759 0.35373 5.9386 
1.06512 63.907 1.06512 8.756 0.35437 5.9378 
1.06556 63.933 1.06556 8.757 0.35447 5.9356 
1.06599 63.960 1.06599 8.758 0.35468 5.9338 
1.06643 63.986 1.06643 8.758 0.35415 5.9299 
1.06687 64.012 1.06687 8.756 0.35447 5.9283 
1.06731 64.039 1.06731 8.757 0.35490 5.9270 
1.06775 64.065 1.06775 8.756 0.35553 5.9263 
1.06819 64.091 1.06819 8.754 0.35596 5.9249 
1.06862 64.117 1.06862 8.756 0.35617 5.9231 
1.06906 64.144 1.06906 8.754 0.35670 5.9220 
1.06950 64.170 1.06950 8.754 0.35681 5.9199 
1.06994 64.196 1.06994 8.754 0.35755 5.9194 
1.07038 64.223 1.07038 8.752 0.35830 5.9189 
1.07082 64.249 1.07082 8.753 0.35883 5.9179 
1.07126 64.275 1.07126 8.754 0.35862 5.9149 
1.07169 64.302 1.07169 8.753 0.35830 5.9117 
1.07213 64.328 1.07213 8.755 0.35755 5.9073 
1.07257 64.354 1.07257 8.755 0.35734 5.9043 
1.07301 64.381 1.07301 8.754 0.35713 5.9014 
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1.07345 64.407 1.07345 8.754 0.35756 5.9001 
1.07389 64.433 1.07389 8.754 0.35798 5.8988 
1.07433 64.460 1.07433 8.754 0.35809 5.8966 
1.07476 64.486 1.07476 8.754 0.35798 5.8940 
1.07520 64.512 1.07520 8.753 0.35841 5.8927 
1.07564 64.538 1.07564 8.752 0.35904 5.8919 
1.07608 64.565 1.07608 8.751 0.36011 5.8923 
1.07652 64.591 1.07652 8.747 0.36181 5.8942 
1.07696 64.617 1.07696 8.746 0.36361 5.8965 
1.07739 64.644 1.07739 8.746 0.36531 5.8984 
1.07783 64.670 1.07783 8.744 0.36638 5.8987 
1.07827 64.696 1.07827 8.745 0.36670 5.8971 
1.07871 64.723 1.07871 8.744 0.36733 5.8963 
1.07915 64.749 1.07915 8.744 0.36744 5.8942 
1.07959 64.775 1.07959 8.745 0.36755 5.8920 
1.08003 64.802 1.08003 8.745 0.36701 5.8883 
1.08046 64.828 1.08046 8.746 0.36627 5.8840 
1.08090 64.854 1.08090 8.748 0.36521 5.8790 
1.08134 64.880 1.08134 8.748 0.36425 5.8742 
1.08178 64.907 1.08178 8.751 0.36276 5.8680 
1.08222 64.933 1.08222 8.751 0.36191 5.8635 
1.08266 64.959 1.08266 8.749 0.36159 5.8603 
1.08310 64.986 1.08310 8.751 0.36159 5.8579 
1.08353 65.012 1.08353 8.752 0.36106 5.8542 
1.08397 65.038 1.08397 8.752 0.36000 5.8491 
1.08441 65.065 1.08441 8.752 0.35947 5.8453 
1.08485 65.091 1.08485 8.752 0.35968 5.8435 
1.08529 65.117 1.08529 8.752 0.35989 5.8417 
1.08573 65.144 1.08573 8.751 0.36032 5.8404 
1.08616 65.170 1.08616 8.750 0.36096 5.8397 
1.08660 65.196 1.08660 8.750 0.36149 5.8387 
1.08704 65.223 1.08704 8.749 0.36202 5.8377 
1.08748 65.249 1.08748 8.750 0.36202 5.8353 
1.08792 65.275 1.08792 8.747 0.36287 5.8352 
1.08836 65.301 1.08836 8.747 0.36351 5.8344 
1.08880 65.328 1.08880 8.748 0.36415 5.8337 
1.08923 65.354 1.08923 8.749 0.36361 5.8300 
1.08967 65.380 1.08967 8.749 0.36298 5.8260 
1.09011 65.407 1.09011 8.752 0.36149 5.8199 
1.09055 65.433 1.09055 8.752 0.36042 5.8149 
1.09099 65.459 1.09099 8.753 0.35936 5.8098 
1.09143 65.486 1.09143 8.755 0.35840 5.8051 
1.09187 65.512 1.09187 8.755 0.35745 5.8003 
1.09230 65.538 1.09230 8.755 0.35649 5.7955 
1.09274 65.565 1.09274 8.756 0.35628 5.7926 
1.09318 65.591 1.09318 8.756 0.35596 5.7895 
1.09362 65.617 1.09362 8.756 0.35564 5.7863 
1.09406 65.643 1.09406 8.755 0.35575 5.7843 
1.09450 65.670 1.09450 8.754 0.35660 5.7842 
1.09493 65.696 1.09493 8.754 0.35734 5.7837 
1.09537 65.722 1.09537 8.754 0.35787 5.7828 
1.09581 65.749 1.09581 8.752 0.35830 5.7816 
1.09625 65.775 1.09625 8.751 0.35926 5.7817 
1.09669 65.801 1.09669 8.752 0.35989 5.7810 
1.09713 65.828 1.09713 8.751 0.36032 5.7797 
1.09757 65.854 1.09757 8.751 0.36043 5.7777 
1.09800 65.880 1.09800 8.750 0.36106 5.7770 
1.09844 65.907 1.09844 8.750 0.36138 5.7755 
1.09888 65.933 1.09888 8.750 0.36181 5.7743 
1.09932 65.959 1.09932 8.748 0.36234 5.7733 
1.09976 65.985 1.09976 8.748 0.36298 5.7726 
1.10020 66.012 1.10020 8.747 0.36383 5.7724 
1.10064 66.038 1.10064 8.749 0.36361 5.7696 
1.10107 66.064 1.10107 8.748 0.36361 5.7673 
1.10151 66.091 1.10151 8.748 0.36340 5.7645 
1.10195 66.117 1.10195 8.747 0.36393 5.7635 
1.10239 66.143 1.10239 8.748 0.36393 5.7612 
1.10283 66.170 1.10283 8.747 0.36404 5.7592 
1.10327 66.196 1.10327 8.749 0.36361 5.7558 
1.10370 66.222 1.10370 8.749 0.36319 5.7525 
1.10414 66.249 1.10414 8.749 0.36266 5.7489 
1.10458 66.275 1.10458 8.750 0.36223 5.7455 
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1.10502 66.301 1.10502 8.748 0.36255 5.7441 
1.10546 66.328 1.10546 8.749 0.36255 5.7418 
1.10590 66.354 1.10590 8.749 0.36298 5.7406 
1.10634 66.380 1.10634 8.748 0.36319 5.7388 
1.10677 66.406 1.10677 8.747 0.36372 5.7379 
1.10721 66.433 1.10721 8.748 0.36393 5.7361 
1.10765 66.459 1.10765 8.749 0.36340 5.7325 
1.10809 66.485 1.10809 8.750 0.36266 5.7284 
1.10853 66.512 1.10853 8.749 0.36223 5.7251 
1.10897 66.538 1.10897 8.750 0.36213 5.7226 
1.10941 66.564 1.10941 8.748 0.36255 5.7213 
1.10984 66.591 1.10984 8.748 0.36298 5.7201 
1.11028 66.617 1.11028 8.748 0.36351 5.7192 
1.11072 66.643 1.11072 8.750 0.36308 5.7159 
1.11116 66.670 1.11116 8.750 0.36244 5.7121 
1.11160 66.696 1.11160 8.750 0.36170 5.7080 
1.11204 66.722 1.11204 8.749 0.36181 5.7060 
1.11247 66.748 1.11247 8.749 0.36223 5.7048 
1.11291 66.775 1.11291 8.748 0.36287 5.7041 
1.11335 66.801 1.11335 8.747 0.36351 5.7034 
1.11379 66.827 1.11379 8.749 0.36329 5.7007 
1.11423 66.854 1.11423 8.749 0.36298 5.6976 
1.11467 66.880 1.11467 8.750 0.36213 5.6933 
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Pneumatic Slug Test – Bower & Rice Method – Well 8B 
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Where; 
 rc  = well casing radius  Lw = well length beneath the water table 
 R  = effective well screen radius  A = constant  
 Re  = effective radius of head dissipation  B = constant 
 Le  = effective well screen length  h = thickness of the saturated aquifer 
 H0  = drawdown at time = 0 
 Ht  = drawdown at time = t 
 
 
 
 
 
K (ft/min)= 0.0043    
K (ft/day)= 6.2429    
    
radius (ft)= 5.10E-02    
R (ft)= 5.10E-02    
LN(Re/R)= 0.800087    
Lw (ft)= 5.59  A= 3.1 
Le (ft)= 2.75  B= 0.5 
h (ft)= 200   
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(min) 
Time 
(sec) 
Cumulative 
Delta Time(min)
Depth 
(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht)
0.00000 0.00 0.00000 3.49000 0.00000
0.00044 0.03 0.00044 3.49493 0.00493 0.0000
0.00088 0.05 0.00088 3.49722 0.00263 -714.0169
0.00132 0.08 0.00132 3.50048 0.00063 -1567.4086
0.00175 0.11 0.00175 3.50099 0.00012 -2134.2475
0.00219 0.13 0.00219 3.50017 0.00093 -760.3870
0.00263 0.16 0.00263 3.50048 0.00062 -785.7317
0.00307 0.18 0.00307 3.50038 0.00073 -623.4278
0.00351 0.21 0.00351 3.50038 0.00073 -545.4993
0.00395 0.24 0.00395 3.49997 0.00114 -371.5252
0.00438 0.26 0.00438 3.49976 0.00134 -296.8539
0.00482 0.29 0.00482 3.49976 0.00134 -269.8662
0.00526 0.32 0.00526 3.49915 0.00195 -176.0839
0.00570 0.34 0.00570 3.49864 0.00246 -121.7794
0.00614 0.37 0.00614 3.49834 0.00277 -93.9424
0.00658 0.39 0.00658 3.49793 0.00317 -66.8250
0.00702 0.42 0.00702 3.49783 0.00327 -58.2263
0.00745 0.45 0.00745 3.49722 0.00388 -31.8774
0.00789 0.47 0.00789 3.49752 0.00358 -40.4115
0.00833 0.50 0.00833 3.49722 0.00389 -28.4195
0.00877 0.53 0.00877 3.49711 0.00399 -24.0070
0.00921 0.55 0.00921 3.49610 0.00501 1.7860
0.00965 0.58 0.00965 3.49538 0.00572 15.5126
0.01009 0.61 0.01009 3.49487 0.00623 23.3059
0.01052 0.63 0.01052 3.49477 0.00633 23.8980
0.01096 0.66 0.01096 3.49365 0.00745 37.7964
0.01140 0.68 0.01140 3.49335 0.00776 39.8417
0.01184 0.71 0.01184 3.49253 0.00857 46.7884
0.01228 0.74 0.01228 3.49243 0.00867 46.0629
0.01272 0.76 0.01272 3.49192 0.00918 48.9694
0.01315 0.79 0.01315 3.49141 0.00969 51.4472
0.01359 0.82 0.01359 3.49121 0.00990 51.3388
0.01403 0.84 0.01403 3.49019 0.01092 56.7251
0.01447 0.87 0.01447 3.48988 0.01122 56.9213
0.01491 0.89 0.01491 3.48886 0.01224 61.0635
0.01535 0.92 0.01535 3.48846 0.01265 61.4484
0.01579 0.95 0.01579 3.48795 0.01316 62.2466
0.01622 0.97 0.01622 3.48774 0.01336 61.5095
0.01666 1.00 0.01666 3.48713 0.01397 62.5703
0.01710 1.03 0.01710 3.48591 0.01519 65.8605
0.01754 1.05 0.01754 3.48520 0.01590 66.8304
0.01798 1.08 0.01798 3.48428 0.01682 68.3180
0.01842 1.11 0.01842 3.48459 0.01652 65.7032
0.01886 1.13 0.01886 3.48397 0.01713 66.1090
0.01929 1.16 0.01929 3.48367 0.01744 65.5267
0.01973 1.18 0.01973 3.48224 0.01886 68.0472
0.02017 1.21 0.02017 3.48163 0.01947 68.1460
0.02061 1.24 0.02061 3.48061 0.02049 69.1726
0.02105 1.26 0.02105 3.47990 0.02120 69.3574
0.02149 1.29 0.02149 3.47919 0.02192 69.4825
0.02192 1.32 0.02192 3.47919 0.02192 68.0928
0.02236 1.34 0.02236 3.47847 0.02263 68.1898
0.02280 1.37 0.02280 3.47807 0.02304 67.6601
0.02324 1.39 0.02324 3.47664 0.02446 68.9690
0.02368 1.42 0.02368 3.47664 0.02446 67.6923
0.02412 1.45 0.02412 3.47562 0.02548 68.1538
0.02456 1.47 0.02456 3.47562 0.02548 66.9368
0.02499 1.50 0.02499 3.47429 0.02681 67.7934
0.02543 1.53 0.02543 3.47368 0.02742 67.5091
0.02587 1.55 0.02587 3.47256 0.02854 67.9123
0.02631 1.58 0.02631 3.47216 0.02895 67.3186
0.02675 1.60 0.02675 3.47175 0.02935 66.7366
0.02719 1.63 0.02719 3.47053 0.03057 67.1568
0.02763 1.66 0.02763 3.47002 0.03108 66.6901
0.02806 1.68 0.02806 3.46910 0.03200 66.6837
0.02850 1.71 0.02850 3.46941 0.03170 65.3240
0.02894 1.74 0.02894 3.46839 0.03271 65.4252
0.02938 1.76 0.02938 3.46808 0.03302 64.7662
0.02982 1.79 0.02982 3.46747 0.03363 64.4281
0.03026 1.82 0.03026 3.46666 0.03445 64.2873
0.03070 1.84 0.03070 3.46574 0.03536 64.2239
0.03113 1.87 0.03113 3.46503 0.03608 63.9608
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0.03157 1.89 0.03157 3.46472 0.03638 63.3376
0.03201 1.92 0.03201 3.46452 0.03658 62.6444
0.03245 1.95 0.03245 3.46350 0.03760 62.6453
0.03289 1.97 0.03289 3.46299 0.03811 62.2197
0.03333 2.00 0.03333 3.46187 0.03923 62.2704
0.03376 2.03 0.03376 3.46136 0.03974 61.8417
0.03420 2.05 0.03420 3.46096 0.04015 61.3459
0.03464 2.08 0.03464 3.46055 0.04056 60.8627
0.03508 2.10 0.03508 3.46044 0.04066 60.1745
0.03552 2.13 0.03552 3.45973 0.04137 59.9215
0.03596 2.16 0.03596 3.45922 0.04188 59.5293
0.03640 2.18 0.03640 3.45851 0.04259 59.2761
0.03683 2.21 0.03683 3.45800 0.04310 58.8938
0.03727 2.24 0.03727 3.45739 0.04372 58.5800
0.03771 2.26 0.03771 3.45667 0.04443 58.3276
0.03815 2.29 0.03815 3.45576 0.04535 58.1924
0.03859 2.32 0.03859 3.45474 0.04636 58.1057
0.03903 2.34 0.03903 3.45443 0.04667 57.6220
0.03946 2.37 0.03946 3.45382 0.04728 57.3108
0.03990 2.39 0.03990 3.45352 0.04759 56.8431
0.04034 2.42 0.04034 3.45240 0.04871 56.8021
0.04078 2.45 0.04078 3.45209 0.04901 56.3452
0.04122 2.47 0.04122 3.45117 0.04993 56.1949
0.04166 2.50 0.04166 3.45097 0.05013 55.7009
0.04210 2.53 0.04210 3.45046 0.05064 55.3612
0.04253 2.55 0.04253 3.45026 0.05085 54.8848
0.04297 2.58 0.04297 3.44944 0.05166 54.6941
0.04341 2.60 0.04341 3.44853 0.05258 54.5470
0.04385 2.63 0.04385 3.44812 0.05298 54.1772
0.04429 2.66 0.04429 3.44751 0.05360 53.9007
0.04473 2.68 0.04473 3.44679 0.05431 53.6675
0.04517 2.71 0.04517 3.44588 0.05523 53.5170
0.04560 2.74 0.04560 3.44567 0.05543 53.0830
0.04604 2.76 0.04604 3.44578 0.05533 52.5371
0.04648 2.79 0.04648 3.44537 0.05574 52.2003
0.04692 2.82 0.04692 3.44486 0.05625 51.9068
0.04736 2.84 0.04736 3.44414 0.05696 51.6923
0.04780 2.87 0.04780 3.44363 0.05747 51.4045
0.04824 2.89 0.04824 3.44262 0.05849 51.3004
0.04867 2.92 0.04867 3.44211 0.05900 51.0166
0.04911 2.95 0.04911 3.44180 0.05930 50.6655
0.04955 2.97 0.04955 3.44160 0.05950 50.2864
0.04999 3.00 0.04999 3.44078 0.06032 50.1180
0.05043 3.03 0.05043 3.44068 0.06042 49.7163
0.05087 3.05 0.05087 3.43966 0.06144 49.6168
0.05130 3.08 0.05130 3.43905 0.06205 49.3853
0.05174 3.10 0.05174 3.43844 0.06266 49.1555
0.05218 3.13 0.05218 3.43895 0.06215 48.5858
0.05262 3.16 0.05262 3.43864 0.06246 48.2745
0.05306 3.18 0.05306 3.43803 0.06307 48.0588
0.05350 3.21 0.05350 3.43722 0.06389 47.9054
0.05394 3.24 0.05394 3.43732 0.06378 47.4860
0.05437 3.26 0.05437 3.43640 0.06470 47.3665
0.05481 3.29 0.05481 3.43579 0.06531 47.1587
0.05525 3.32 0.05525 3.43467 0.06643 47.0919
0.05569 3.34 0.05569 3.43426 0.06684 46.8307
0.05613 3.37 0.05613 3.43365 0.06745 46.6267
0.05657 3.39 0.05657 3.43345 0.06765 46.3186
0.05700 3.42 0.05700 3.43315 0.06796 46.0408
0.05744 3.45 0.05744 3.43264 0.06847 45.8196
0.05788 3.47 0.05788 3.43213 0.06898 45.6007
0.05832 3.50 0.05832 3.43141 0.06969 45.4342
0.05876 3.53 0.05876 3.43121 0.06989 45.1445
0.05920 3.55 0.05920 3.43090 0.07020 44.8841
0.05964 3.58 0.05964 3.43111 0.07000 44.5054
0.06007 3.60 0.06007 3.43060 0.07051 44.3015
0.06051 3.63 0.06051 3.43019 0.07091 44.0755
0.06095 3.66 0.06095 3.42948 0.07163 43.9228
0.06139 3.68 0.06139 3.42917 0.07193 43.6786
0.06183 3.71 0.06183 3.42866 0.07244 43.4831
0.06227 3.74 0.06227 3.42866 0.07244 43.1766
0.06271 3.76 0.06271 3.42825 0.07285 42.9640
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0.06314 3.79 0.06314 3.42774 0.07336 42.7762
0.06358 3.81 0.06358 3.42683 0.07428 42.6765
0.06402 3.84 0.06402 3.42652 0.07458 42.4486
0.06446 3.87 0.06446 3.42642 0.07468 42.1807
0.06490 3.89 0.06490 3.42642 0.07468 41.8957
0.06534 3.92 0.06534 3.42601 0.07509 41.6976
0.06578 3.95 0.06578 3.42581 0.07529 41.4605
0.06621 3.97 0.06621 3.42510 0.07601 41.3284
0.06665 4.00 0.06665 3.42479 0.07631 41.1170
0.06709 4.03 0.06709 3.42387 0.07723 41.0262
0.06753 4.05 0.06753 3.42367 0.07743 40.7988
0.06797 4.08 0.06797 3.42357 0.07753 40.5546
0.06841 4.10 0.06841 3.42377 0.07733 40.2563
0.06884 4.13 0.06884 3.42367 0.07743 40.0193
0.06928 4.16 0.06928 3.42306 0.07804 39.8790
0.06972 4.18 0.06972 3.42286 0.07825 39.6656
0.07016 4.21 0.07016 3.42255 0.07855 39.4729
0.07060 4.24 0.07060 3.42265 0.07845 39.2097
0.07104 4.26 0.07104 3.42214 0.07896 39.0589
0.07148 4.29 0.07148 3.42204 0.07906 38.8376
0.07191 4.31 0.07191 3.42173 0.07937 38.6546
0.07235 4.34 0.07235 3.42143 0.07968 38.4737
0.07279 4.37 0.07279 3.42102 0.08008 38.3117
0.07323 4.39 0.07323 3.42051 0.08059 38.1684
0.07367 4.42 0.07367 3.42021 0.08090 37.9928
0.07411 4.45 0.07411 3.42031 0.08080 37.7513
0.07454 4.47 0.07454 3.41980 0.08131 37.6137
0.07498 4.50 0.07498 3.42010 0.08100 37.3434
0.07542 4.53 0.07542 3.41939 0.08171 37.2425
0.07586 4.55 0.07586 3.41908 0.08202 37.0764
0.07630 4.58 0.07630 3.41837 0.08273 36.9769
0.07674 4.60 0.07674 3.41837 0.08273 36.7656
0.07718 4.63 0.07718 3.41898 0.08212 36.4609
0.07761 4.66 0.07761 3.41857 0.08253 36.3185
0.07805 4.68 0.07805 3.41796 0.08314 36.2088
0.07849 4.71 0.07849 3.41735 0.08375 36.0998
0.07893 4.74 0.07893 3.41735 0.08375 35.8992
0.07937 4.76 0.07937 3.41705 0.08406 35.7468
0.07981 4.79 0.07981 3.41664 0.08446 35.6108
0.08025 4.81 0.08025 3.41664 0.08446 35.4162
0.08068 4.84 0.08068 3.41674 0.08436 35.2087
0.08112 4.87 0.08112 3.41654 0.08456 35.0480
0.08156 4.89 0.08156 3.41573 0.08538 34.9769
0.08200 4.92 0.08200 3.41532 0.08578 34.8479
0.08244 4.95 0.08244 3.41542 0.08568 34.6484
0.08288 4.97 0.08288 3.41593 0.08518 34.3934
0.08331 5.00 0.08331 3.41593 0.08518 34.2124
0.08375 5.03 0.08375 3.41511 0.08599 34.1467
0.08419 5.05 0.08419 3.41461 0.08650 34.0387
0.08463 5.08 0.08463 3.41420 0.08691 33.9182
0.08507 5.10 0.08507 3.41430 0.08681 33.7299
0.08551 5.13 0.08551 3.41389 0.08722 33.6121
0.08595 5.16 0.08595 3.41379 0.08732 33.4539
0.08638 5.18 0.08638 3.41430 0.08681 33.2161
0.08682 5.21 0.08682 3.41409 0.08701 33.0753
0.08726 5.24 0.08726 3.41430 0.08681 32.8823
0.08770 5.26 0.08770 3.41369 0.08742 32.7978
0.08814 5.29 0.08814 3.41328 0.08782 32.6873
0.08858 5.31 0.08858 3.41287 0.08823 32.5776
0.08902 5.34 0.08902 3.41277 0.08833 32.4304
0.08945 5.37 0.08945 3.41287 0.08823 32.2587
0.08989 5.39 0.08989 3.41256 0.08854 32.1398
0.09033 5.42 0.09033 3.41155 0.08956 32.1102
0.09077 5.45 0.09077 3.41155 0.08956 31.9551
0.09121 5.47 0.09121 3.41175 0.08935 31.7766
0.09165 5.50 0.09165 3.41226 0.08885 31.5625
0.09208 5.53 0.09208 3.41205 0.08905 31.4371
0.09252 5.55 0.09252 3.41154 0.08956 31.3498
0.09296 5.58 0.09296 3.41165 0.08946 31.1895
0.09340 5.60 0.09340 3.41175 0.08935 31.0306
0.09384 5.63 0.09384 3.41124 0.08986 30.9459
0.09428 5.66 0.09428 3.41033 0.09078 30.9096
223 
Time 
(min) 
Time 
(sec) 
Cumulative 
Delta Time(min)
Depth 
(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht)
0.09472 5.68 0.09472 3.41022 0.09088 30.7785
0.09515 5.71 0.09515 3.41104 0.09007 30.5422
0.09559 5.74 0.09559 3.41134 0.08976 30.3665
0.09603 5.76 0.09603 3.41104 0.09006 30.2630
0.09647 5.79 0.09647 3.41023 0.09088 30.2186
0.09691 5.81 0.09691 3.40982 0.09129 30.1282
0.09735 5.84 0.09735 3.40961 0.09149 30.0154
0.09779 5.87 0.09779 3.40951 0.09159 29.8923
0.09822 5.89 0.09822 3.40982 0.09129 29.7248
0.09866 5.92 0.09866 3.40992 0.09119 29.5815
0.09910 5.95 0.09910 3.40971 0.09139 29.4732
0.09954 5.97 0.09954 3.40920 0.09190 29.3992
0.09998 6.00 0.09998 3.40869 0.09241 29.3257
0.10042 6.02 0.10042 3.40839 0.09272 29.2305
0.10086 6.05 0.10086 3.40869 0.09241 29.0706
0.10129 6.08 0.10129 3.40859 0.09251 28.9554
0.10173 6.10 0.10173 3.40839 0.09271 28.8522
0.10217 6.13 0.10217 3.40808 0.09302 28.7607
0.10261 6.16 0.10261 3.40798 0.09312 28.6487
0.10305 6.18 0.10305 3.40839 0.09272 28.4843
0.10349 6.21 0.10349 3.40839 0.09272 28.3636
0.10392 6.24 0.10392 3.40829 0.09282 28.2542
0.10436 6.26 0.10436 3.40778 0.09332 28.1876
0.10480 6.29 0.10480 3.40727 0.09383 28.1214
0.10524 6.31 0.10524 3.40727 0.09383 28.0042
0.10568 6.34 0.10568 3.40758 0.09353 27.8574
0.10612 6.37 0.10612 3.40768 0.09343 27.7322
0.10656 6.39 0.10656 3.40788 0.09322 27.5977
0.10699 6.42 0.10699 3.40747 0.09363 27.5252
0.10743 6.45 0.10743 3.40717 0.09394 27.4432
0.10787 6.47 0.10787 3.40676 0.09434 27.3717
0.10831 6.50 0.10831 3.40676 0.09434 27.2609
0.10875 6.52 0.10875 3.40666 0.09444 27.1608
0.10919 6.55 0.10919 3.40635 0.09475 27.0814
0.10962 6.58 0.10962 3.40595 0.09516 27.0122
0.11006 6.60 0.11006 3.40564 0.09546 26.9338
0.11050 6.63 0.11050 3.40605 0.09506 26.7883
0.11094 6.66 0.11094 3.40605 0.09506 26.6823
0.11138 6.68 0.11138 3.40625 0.09485 26.5580
0.11182 6.71 0.11182 3.40564 0.09546 26.5113
0.11226 6.74 0.11226 3.40574 0.09536 26.3984
0.11269 6.76 0.11269 3.40564 0.09546 26.3049
0.11313 6.79 0.11313 3.40544 0.09567 26.2218
0.11357 6.81 0.11357 3.40554 0.09556 26.1111
0.11401 6.84 0.11401 3.40534 0.09577 26.0293
0.11445 6.87 0.11445 3.40523 0.09587 25.9389
0.11489 6.89 0.11489 3.40523 0.09587 25.8399
0.11533 6.92 0.11533 3.40544 0.09567 25.7233
0.11576 6.95 0.11576 3.40574 0.09536 25.5981
0.11620 6.97 0.11620 3.40493 0.09618 25.5749
0.11664 7.00 0.11664 3.40452 0.09659 25.5153
0.11708 7.02 0.11708 3.40431 0.09679 25.4377
0.11752 7.05 0.11752 3.40472 0.09638 25.3066
0.11796 7.08 0.11796 3.40513 0.09597 25.1763
0.11840 7.10 0.11840 3.40564 0.09546 25.0384
0.11883 7.13 0.11883 3.40533 0.09577 24.9730
0.11927 7.16 0.11927 3.40452 0.09659 24.9524
0.11971 7.18 0.11971 3.40380 0.09730 24.9224
0.12015 7.21 0.12015 3.40370 0.09740 24.8404
0.12059 7.24 0.12059 3.40411 0.09700 24.7153
0.12103 7.26 0.12103 3.40390 0.09720 24.6431
0.12146 7.29 0.12146 3.40380 0.09730 24.5625
0.12190 7.31 0.12190 3.40360 0.09750 24.4913
0.12234 7.34 0.12234 3.40330 0.09781 24.4289
0.12278 7.37 0.12278 3.40360 0.09750 24.3164
0.12322 7.39 0.12322 3.40360 0.09750 24.2299
0.12366 7.42 0.12366 3.40360 0.09750 24.1440
0.12410 7.45 0.12410 3.40268 0.09842 24.1341
0.12453 7.47 0.12453 3.40248 0.09862 24.0657
0.12497 7.50 0.12497 3.40289 0.09822 23.9481
0.12541 7.52 0.12541 3.40370 0.09740 23.7978
0.12585 7.55 0.12585 3.40299 0.09811 23.7729
224 
Time 
(min) 
Time 
(sec) 
Cumulative 
Delta Time(min)
Depth 
(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht)
0.12629 7.58 0.12629 3.40238 0.09872 23.7394
0.12673 7.60 0.12673 3.40177 0.09933 23.7059
0.12716 7.63 0.12716 3.40238 0.09872 23.5754
0.12760 7.66 0.12760 3.40208 0.09903 23.5187
0.12804 7.68 0.12804 3.40197 0.09913 23.4462
0.12848 7.71 0.12848 3.40187 0.09923 23.3744
0.12892 7.74 0.12892 3.40248 0.09862 23.2470
0.12936 7.76 0.12936 3.40228 0.09883 23.1842
0.12980 7.79 0.12980 3.40207 0.09903 23.1217
0.13023 7.81 0.13023 3.40197 0.09913 23.0516
0.13067 7.84 0.13067 3.40197 0.09913 22.9743
0.13111 7.87 0.13111 3.40218 0.09893 22.8818
0.13155 7.89 0.13155 3.40187 0.09923 22.8290
0.13199 7.92 0.13199 3.40207 0.09903 22.7376
0.13243 7.95 0.13243 3.40167 0.09944 22.6932
0.13287 7.97 0.13287 3.40187 0.09923 22.6030
0.13330 8.00 0.13330 3.40177 0.09934 22.5364
0.13374 8.02 0.13374 3.40166 0.09944 22.4703
0.13418 8.05 0.13418 3.40156 0.09954 22.4044
0.13462 8.08 0.13462 3.40187 0.09923 22.3085
0.13506 8.10 0.13506 3.40177 0.09933 22.2435
0.13550 8.13 0.13550 3.40177 0.09933 22.1715
0.13594 8.16 0.13594 3.40126 0.09984 22.1376
0.13637 8.18 0.13637 3.40156 0.09954 22.0442
0.13681 8.21 0.13681 3.40105 0.10005 22.0109
0.13725 8.24 0.13725 3.40126 0.09985 21.9257
0.13769 8.26 0.13769 3.40136 0.09974 21.8484
0.13813 8.29 0.13813 3.40136 0.09974 21.7790
0.13857 8.31 0.13857 3.40126 0.09984 21.7173
0.13900 8.34 0.13900 3.40106 0.10005 21.6634
0.13944 8.37 0.13944 3.40106 0.10005 21.5953
0.13988 8.39 0.13988 3.40085 0.10025 21.5421
0.14032 8.42 0.14032 3.40075 0.10035 21.4822
0.14076 8.45 0.14076 3.40095 0.10015 21.4008
0.14120 8.47 0.14120 3.40044 0.10066 21.3704
0.14164 8.50 0.14164 3.40044 0.10066 21.3042
0.14207 8.52 0.14207 3.40024 0.10086 21.2526
0.14251 8.55 0.14251 3.40105 0.10005 21.1304
0.14295 8.58 0.14295 3.40105 0.10005 21.0656
0.14339 8.60 0.14339 3.40126 0.09985 20.9870
0.14383 8.63 0.14383 3.40055 0.10056 20.9723
0.14427 8.66 0.14427 3.40045 0.10066 20.9154
0.14470 8.68 0.14470 3.40034 0.10076 20.8592
0.14514 8.71 0.14514 3.40055 0.10056 20.7822
0.14558 8.73 0.14558 3.40065 0.10046 20.7127
0.14602 8.76 0.14602 3.40034 0.10076 20.6712
0.14646 8.79 0.14646 3.40034 0.10076 20.6093
0.14690 8.81 0.14690 3.40004 0.10106 20.5683
0.14734 8.84 0.14734 3.40004 0.10106 20.5070
0.14777 8.87 0.14777 3.39973 0.10137 20.4667
0.14821 8.89 0.14821 3.39953 0.10157 20.4197
0.14865 8.92 0.14865 3.39943 0.10168 20.3663
0.14909 8.95 0.14909 3.39973 0.10137 20.2861
0.14953 8.97 0.14953 3.39973 0.10137 20.2266
0.14997 9.00 0.14997 3.39984 0.10127 20.1607
0.15041 9.02 0.15041 3.39994 0.10117 20.0953
0.15084 9.05 0.15084 3.40024 0.10086 20.0170
0.15128 9.08 0.15128 3.40024 0.10086 19.9590
0.15172 9.10 0.15172 3.40014 0.10096 19.9079
0.15216 9.13 0.15216 3.39984 0.10127 19.8702
0.15260 9.16 0.15260 3.39953 0.10157 19.8329
0.15304 9.18 0.15304 3.39933 0.10178 19.7891
0.15348 9.21 0.15348 3.39943 0.10168 19.7262
0.15391 9.23 0.15391 3.39963 0.10147 19.6570
0.15435 9.26 0.15435 3.39932 0.10178 19.6207
0.15479 9.29 0.15479 3.39922 0.10188 19.5715
0.15523 9.31 0.15523 3.39902 0.10208 19.5290
0.15567 9.34 0.15567 3.39882 0.10229 19.4868
0.15611 9.37 0.15611 3.39841 0.10270 19.4576
0.15654 9.39 0.15654 3.39851 0.10259 19.3967
0.15698 9.42 0.15698 3.39871 0.10239 19.3299
0.15742 9.45 0.15742 3.39892 0.10219 19.2634
225 
Time 
(min) 
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(sec) 
Cumulative 
Delta Time(min)
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(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht)
0.15786 9.47 0.15786 3.39881 0.10229 19.2163
0.15830 9.50 0.15830 3.39871 0.10239 19.1695
0.15874 9.52 0.15874 3.39902 0.10209 19.0977
0.15918 9.55 0.15918 3.39841 0.10270 19.0825
0.15961 9.58 0.15961 3.39871 0.10239 19.0113
0.16005 9.60 0.16005 3.39800 0.10310 19.0026
0.16049 9.63 0.16049 3.39841 0.10270 18.9260
0.16093 9.66 0.16093 3.39841 0.10270 18.8745
0.16137 9.68 0.16137 3.39851 0.10259 18.8169
0.16181 9.71 0.16181 3.39892 0.10219 18.7414
0.16224 9.73 0.16224 3.39851 0.10259 18.7152
0.16268 9.76 0.16268 3.39861 0.10249 18.6588
0.16312 9.79 0.16312 3.39780 0.10331 18.6571
0.16356 9.81 0.16356 3.39800 0.10310 18.5950
0.16400 9.84 0.16400 3.39770 0.10341 18.5632
0.16444 9.87 0.16444 3.39800 0.10310 18.4958
0.16488 9.89 0.16488 3.39769 0.10341 18.4647
0.16531 9.92 0.16531 3.39800 0.10311 18.3979
0.16575 9.95 0.16575 3.39810 0.10300 18.3432
0.16619 9.97 0.16619 3.39820 0.10290 18.2888
0.16663 10.00 0.16663 3.39820 0.10290 18.2406
0.16707 10.02 0.16707 3.39759 0.10351 18.2283
0.16751 10.05 0.16751 3.39667 0.10443 18.2332
0.16795 10.08 0.16795 3.39657 0.10453 18.1913
0.16838 10.10 0.16838 3.39678 0.10432 18.1322
0.16882 10.13 0.16882 3.39780 0.10331 18.0271
0.16926 10.16 0.16926 3.39749 0.10361 17.9979
0.16970 10.18 0.16970 3.39739 0.10372 17.9573
0.17014 10.21 0.17014 3.39688 0.10423 17.9398
0.17058 10.23 0.17058 3.39688 0.10423 17.8937
0.17101 10.26 0.17101 3.39749 0.10362 17.8135
0.17145 10.29 0.17145 3.39769 0.10341 17.7563
0.17189 10.31 0.17189 3.39790 0.10321 17.6996
0.17233 10.34 0.17233 3.39698 0.10412 17.7058
0.17277 10.37 0.17277 3.39637 0.10474 17.6949
0.17321 10.39 0.17321 3.39616 0.10494 17.6613
0.17365 10.42 0.17365 3.39616 0.10494 17.6167
0.17408 10.45 0.17408 3.39627 0.10484 17.5666
0.17452 10.47 0.17452 3.39596 0.10514 17.5393
0.17496 10.50 0.17496 3.39606 0.10504 17.4897
0.17540 10.52 0.17540 3.39616 0.10494 17.4405
0.17584 10.55 0.17584 3.39627 0.10484 17.3914
0.17628 10.58 0.17628 3.39606 0.10504 17.3592
0.17672 10.60 0.17672 3.39556 0.10555 17.3433
0.17715 10.63 0.17715 3.39505 0.10606 17.3276
0.17759 10.66 0.17759 3.39515 0.10596 17.2795
0.17803 10.68 0.17803 3.39576 0.10535 17.2045
0.17847 10.71 0.17847 3.39627 0.10484 17.1350
0.17891 10.73 0.17891 3.39657 0.10453 17.0767
0.17935 10.76 0.17935 3.39617 0.10494 17.0566
0.17978 10.79 0.17978 3.39596 0.10514 17.0257
0.18022 10.81 0.18022 3.39576 0.10534 16.9950
0.18066 10.84 0.18066 3.39586 0.10524 16.9485
0.18110 10.87 0.18110 3.39576 0.10535 16.9129
0.18154 10.89 0.18154 3.39565 0.10545 16.8775
0.18198 10.92 0.18198 3.39576 0.10535 16.8314
0.18242 10.94 0.18242 3.39586 0.10524 16.7856
0.18285 10.97 0.18285 3.39566 0.10545 16.7559
0.18329 11.00 0.18329 3.39586 0.10524 16.7053
0.18373 11.02 0.18373 3.39596 0.10514 16.6602
0.18417 11.05 0.18417 3.39637 0.10474 16.5995
0.18461 11.08 0.18461 3.39596 0.10514 16.5810
0.18505 11.10 0.18505 3.39525 0.10586 16.5783
0.18549 11.13 0.18549 3.39474 0.10636 16.5648
0.18592 11.16 0.18592 3.39484 0.10626 16.5207
0.18636 11.18 0.18636 3.39535 0.10575 16.4560
0.18680 11.21 0.18680 3.39525 0.10586 16.4226
0.18724 11.23 0.18724 3.39484 0.10626 16.4046
0.18768 11.26 0.18768 3.39454 0.10657 16.3815
0.18812 11.29 0.18812 3.39444 0.10667 16.3483
0.18855 11.31 0.18855 3.39454 0.10656 16.3052
0.18899 11.34 0.18899 3.39454 0.10656 16.2673
226 
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0.18943 11.37 0.18943 3.39454 0.10656 16.2297
0.18987 11.39 0.18987 3.39484 0.10626 16.1772
0.19031 11.42 0.19031 3.39494 0.10616 16.1350
0.19075 11.44 0.19075 3.39525 0.10586 16.0828
0.19119 11.47 0.19119 3.39494 0.10616 16.0609
0.19162 11.50 0.19162 3.39484 0.10626 16.0291
0.19206 11.52 0.19206 3.39444 0.10667 16.0124
0.19250 11.55 0.19250 3.39505 0.10606 15.9461
0.19294 11.58 0.19294 3.39505 0.10606 15.9099
0.19338 11.60 0.19338 3.39525 0.10585 15.8639
0.19382 11.63 0.19382 3.39443 0.10667 15.8677
0.19426 11.66 0.19426 3.39402 0.10708 15.8516
0.19469 11.68 0.19469 3.39362 0.10749 15.8353
0.19513 11.71 0.19513 3.39413 0.10698 15.7754
0.19557 11.73 0.19557 3.39494 0.10616 15.7008
0.19601 11.76 0.19601 3.39525 0.10585 15.6509
0.19645 11.79 0.19645 3.39545 0.10565 15.6062
0.19689 11.81 0.19689 3.39515 0.10596 15.5862
0.19732 11.84 0.19732 3.39474 0.10637 15.5711
0.19776 11.87 0.19776 3.39392 0.10718 15.5751
0.19820 11.89 0.19820 3.39352 0.10759 15.5597
0.19864 11.92 0.19864 3.39352 0.10759 15.5254
0.19908 11.94 0.19908 3.39382 0.10728 15.4769
0.19952 11.97 0.19952 3.39342 0.10769 15.4618
0.19996 12.00 0.19996 3.39403 0.10707 15.3994
0.20039 12.02 0.20039 3.39372 0.10738 15.3799
0.20083 12.05 0.20083 3.39464 0.10646 15.3037
0.20127 12.08 0.20127 3.39433 0.10677 15.2846
0.20171 12.10 0.20171 3.39443 0.10667 15.2467
0.20215 12.13 0.20215 3.39392 0.10718 15.2372
0.20259 12.16 0.20259 3.39372 0.10738 15.2136
0.20303 12.18 0.20303 3.39342 0.10769 15.1947
0.20346 12.21 0.20346 3.39393 0.10718 15.1386
0.20390 12.23 0.20390 3.39382 0.10728 15.1108
0.20434 12.26 0.20434 3.39423 0.10687 15.0598
0.20478 12.29 0.20478 3.39321 0.10789 15.0739
0.20522 12.31 0.20522 3.39301 0.10810 15.0508
0.20566 12.34 0.20566 3.39290 0.10820 15.0234
0.20609 12.37 0.20609 3.39341 0.10769 14.9685
0.20653 12.39 0.20653 3.39352 0.10759 14.9321
0.20697 12.42 0.20697 3.39321 0.10789 14.9141
0.20741 12.44 0.20741 3.39331 0.10779 14.8781
0.20785 12.47 0.20785 3.39362 0.10749 14.8331
0.20829 12.50 0.20829 3.39382 0.10728 14.7928
0.20873 12.52 0.20873 3.39352 0.10759 14.7752
0.20916 12.55 0.20916 3.39342 0.10769 14.7487
0.20960 12.58 0.20960 3.39311 0.10799 14.7314
0.21004 12.60 0.21004 3.39321 0.10789 14.6962
0.21048 12.63 0.21048 3.39280 0.10830 14.6835
0.21092 12.66 0.21092 3.39260 0.10850 14.6619
0.21136 12.68 0.21136 3.39250 0.10860 14.6358
0.21180 12.71 0.21180 3.39270 0.10840 14.5966
0.21223 12.73 0.21223 3.39240 0.10871 14.5798
0.21267 12.76 0.21267 3.39158 0.10952 14.5849
0.21311 12.79 0.21311 3.39148 0.10963 14.5594
0.21355 12.81 0.21355 3.39168 0.10942 14.5206
0.21399 12.84 0.21399 3.39199 0.10911 14.4778
0.21443 12.87 0.21443 3.39179 0.10932 14.4568
0.21486 12.89 0.21486 3.39199 0.10911 14.4187
0.21530 12.92 0.21530 3.39230 0.10881 14.3762
0.21574 12.94 0.21574 3.39169 0.10942 14.3729
0.21618 12.97 0.21618 3.39179 0.10932 14.3395
0.21662 13.00 0.21662 3.39179 0.10932 14.3105
0.21706 13.02 0.21706 3.39270 0.10840 14.2428
0.21750 13.05 0.21750 3.39260 0.10850 14.2183
0.21793 13.08 0.21793 3.39301 0.10809 14.1725
0.21837 13.10 0.21837 3.39281 0.10830 14.1526
0.21881 13.13 0.21881 3.39281 0.10830 14.1243
0.21925 13.16 0.21925 3.39250 0.10860 14.1089
0.21969 13.18 0.21969 3.39219 0.10891 14.0936
0.22013 13.21 0.22013 3.39189 0.10922 14.0783
0.22057 13.23 0.22057 3.39158 0.10952 14.0629
227 
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0.22100 13.26 0.22100 3.39169 0.10942 14.0307
0.22144 13.29 0.22144 3.39189 0.10921 13.9945
0.22188 13.31 0.22188 3.39158 0.10952 13.9795
0.22232 13.34 0.22232 3.39138 0.10973 13.9604
0.22276 13.37 0.22276 3.39128 0.10983 13.9370
0.22320 13.39 0.22320 3.39138 0.10973 13.9056
0.22363 13.42 0.22363 3.39199 0.10911 13.8532
0.22407 13.44 0.22407 3.39189 0.10922 13.8303
0.22451 13.47 0.22451 3.39179 0.10932 13.8074
0.22495 13.50 0.22495 3.39107 0.11003 13.8094
0.22539 13.52 0.22539 3.39087 0.11023 13.7907
0.22583 13.55 0.22583 3.39077 0.11034 13.7681
0.22627 13.58 0.22627 3.39036 0.11074 13.7577
0.22670 13.60 0.22670 3.39077 0.11034 13.7148
0.22714 13.63 0.22714 3.39087 0.11023 13.6842
0.22758 13.65 0.22758 3.39168 0.10942 13.6253
0.22802 13.68 0.22802 3.39158 0.10952 13.6031
0.22846 13.71 0.22846 3.39189 0.10921 13.5648
0.22890 13.73 0.22890 3.39158 0.10952 13.5510
0.22934 13.76 0.22934 3.39168 0.10942 13.5211
0.22977 13.79 0.22977 3.39148 0.10963 13.5035
0.23021 13.81 0.23021 3.39158 0.10952 13.4737
0.23065 13.84 0.23065 3.39148 0.10962 13.4520
0.23109 13.87 0.23109 3.39158 0.10952 13.4224
0.23153 13.89 0.23153 3.39128 0.10983 13.4091
0.23197 13.92 0.23197 3.39117 0.10993 13.3878
0.23241 13.94 0.23241 3.39097 0.11013 13.3705
0.23284 13.97 0.23284 3.39138 0.10972 13.3293
0.23328 14.00 0.23328 3.39138 0.10972 13.3042
0.23372 14.02 0.23372 3.39148 0.10962 13.2754
0.23416 14.05 0.23416 3.39107 0.11003 13.2665
0.23460 14.08 0.23460 3.39087 0.11024 13.2495
0.23504 14.10 0.23504 3.39087 0.11024 13.2248
0.23547 14.13 0.23547 3.39097 0.11013 13.1962
0.23591 14.15 0.23591 3.39107 0.11003 13.1678
0.23635 14.18 0.23635 3.39097 0.11013 13.1472
0.23679 14.21 0.23679 3.39138 0.10973 13.1073
0.23723 14.23 0.23723 3.39097 0.11013 13.0986
0.23767 14.26 0.23767 3.39107 0.11003 13.0706
0.23811 14.29 0.23811 3.39056 0.11054 13.0660
0.23854 14.31 0.23854 3.39066 0.11044 13.0381
0.23898 14.34 0.23898 3.39005 0.11105 13.0372
0.23942 14.37 0.23942 3.39005 0.11105 13.0133
0.23986 14.39 0.23986 3.39015 0.11095 12.9857
0.24030 14.42 0.24030 3.39046 0.11064 12.9505
0.24074 14.44 0.24074 3.39036 0.11074 12.9307
0.24117 14.47 0.24117 3.39046 0.11064 12.9033
0.24161 14.50 0.24161 3.39036 0.11074 12.8838
0.24205 14.52 0.24205 3.39046 0.11064 12.8567
0.24249 14.55 0.24249 3.39026 0.11085 12.8410
0.24293 14.58 0.24293 3.39046 0.11064 12.8103
0.24337 14.60 0.24337 3.39005 0.11105 12.8023
0.24381 14.63 0.24381 3.39015 0.11095 12.7755
0.24424 14.65 0.24424 3.39015 0.11095 12.7526
0.24468 14.68 0.24468 3.39005 0.11105 12.7336
0.24512 14.71 0.24512 3.38985 0.11126 12.7183
0.24556 14.73 0.24556 3.38985 0.11126 12.6956
0.24600 14.76 0.24600 3.39015 0.11095 12.6617
0.24644 14.79 0.24644 3.39036 0.11075 12.6317
0.24688 14.81 0.24688 3.39046 0.11064 12.6055
0.24731 14.84 0.24731 3.39036 0.11074 12.5868
0.24775 14.87 0.24775 3.39036 0.11074 12.5645
0.24819 14.89 0.24819 3.39016 0.11095 12.5497
0.24863 14.92 0.24863 3.38995 0.11115 12.5351
0.24907 14.94 0.24907 3.38954 0.11156 12.5277
0.24951 14.97 0.24951 3.38954 0.11156 12.5057
0.24995 15.00 0.24995 3.38995 0.11115 12.4690
0.25038 15.02 0.25038 3.39016 0.11095 12.4398
0.25082 15.05 0.25082 3.39046 0.11064 12.4072
0.25126 15.08 0.25126 3.38985 0.11126 12.4075
0.25170 15.10 0.25170 3.38964 0.11146 12.3932
0.25214 15.13 0.25214 3.38903 0.11207 12.3933
228 
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(sec) 
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Cumulative 
Delta h (ft) (1/t)ln(H0/Ht)
0.25258 15.15 0.25258 3.38903 0.11207 12.3717
0.25301 15.18 0.25301 3.38934 0.11176 12.3395
0.25345 15.21 0.25345 3.38924 0.11187 12.3217
0.25389 15.23 0.25389 3.38944 0.11166 12.2933
0.25433 15.26 0.25433 3.38893 0.11217 12.2900
0.25477 15.29 0.25477 3.38934 0.11176 12.2545
0.25521 15.31 0.25521 3.38904 0.11207 12.2441
0.25565 15.34 0.25565 3.38904 0.11207 12.2231
0.25608 15.37 0.25608 3.38863 0.11248 12.2164
0.25652 15.39 0.25652 3.38883 0.11227 12.1885
0.25696 15.42 0.25696 3.38893 0.11217 12.1642
0.25740 15.44 0.25740 3.38903 0.11207 12.1399
0.25784 15.47 0.25784 3.38954 0.11156 12.1015
0.25828 15.50 0.25828 3.39005 0.11105 12.0633
0.25871 15.52 0.25871 3.38995 0.11115 12.0464
0.25915 15.55 0.25915 3.38985 0.11126 12.0296
0.25959 15.58 0.25959 3.38944 0.11166 12.0234
0.26003 15.60 0.26003 3.38944 0.11166 12.0031
0.26047 15.63 0.26047 3.38934 0.11176 11.9863
0.26091 15.65 0.26091 3.38944 0.11166 11.9626
0.26135 15.68 0.26135 3.38934 0.11176 11.9460
0.26178 15.71 0.26178 3.38883 0.11227 11.9434
0.26222 15.73 0.26222 3.38863 0.11248 11.9304
0.26266 15.76 0.26266 3.38893 0.11217 11.9001
0.26310 15.79 0.26310 3.38924 0.11187 11.8700
0.26354 15.81 0.26354 3.38944 0.11166 11.8432
0.26398 15.84 0.26398 3.38863 0.11248 11.8511
0.26442 15.86 0.26442 3.38904 0.11207 11.8176
0.26485 15.89 0.26485 3.38904 0.11207 11.7981
0.26529 15.92 0.26529 3.38975 0.11135 11.7545
0.26573 15.94 0.26573 3.38944 0.11166 11.7455
0.26617 15.97 0.26617 3.38893 0.11217 11.7433
0.26661 16.00 0.26661 3.38863 0.11248 11.7342
0.26705 16.02 0.26705 3.38832 0.11278 11.7251
0.26749 16.05 0.26749 3.38873 0.11238 11.6924
0.26792 16.08 0.26792 3.38883 0.11227 11.6698
0.26836 16.10 0.26836 3.38873 0.11237 11.6541
0.26880 16.13 0.26880 3.38883 0.11227 11.6316
0.26924 16.15 0.26924 3.38914 0.11196 11.6025
0.26968 16.18 0.26968 3.38955 0.11156 11.5702
0.27012 16.21 0.27012 3.38863 0.11247 11.5817
0.27055 16.23 0.27055 3.38812 0.11298 11.5796
0.27099 16.26 0.27099 3.38771 0.11339 11.5741
0.27143 16.29 0.27143 3.38863 0.11247 11.5255
0.27187 16.31 0.27187 3.38904 0.11207 11.4936
0.27231 16.34 0.27231 3.39005 0.11105 11.4416
0.27275 16.36 0.27275 3.38954 0.11156 11.4401
0.27319 16.39 0.27319 3.38934 0.11176 11.4284
0.27362 16.42 0.27362 3.38853 0.11258 11.4365
0.27406 16.44 0.27406 3.38873 0.11237 11.4117
0.27450 16.47 0.27450 3.38832 0.11278 11.4066
0.27494 16.50 0.27494 3.38802 0.11309 11.3983
0.27538 16.52 0.27538 3.38720 0.11390 11.4062
0.27582 16.55 0.27582 3.38710 0.11401 11.3914
0.27625 16.58 0.27625 3.38720 0.11390 11.3700
0.27669 16.60 0.27669 3.38771 0.11339 11.3358
0.27713 16.63 0.27713 3.38771 0.11339 11.3179
0.27757 16.65 0.27757 3.38781 0.11329 11.2968
0.27801 16.68 0.27801 3.38812 0.11299 11.2692
0.27845 16.71 0.27845 3.38873 0.11238 11.2320
0.27889 16.73 0.27889 3.38863 0.11248 11.2176
0.27932 16.76 0.27932 3.38802 0.11309 11.2193
0.27976 16.79 0.27976 3.38761 0.11349 11.2146
0.28020 16.81 0.28020 3.38761 0.11349 11.1970
0.28064 16.84 0.28064 3.38771 0.11339 11.1764
0.28108 16.86 0.28108 3.38771 0.11339 11.1589
0.28152 16.89 0.28152 3.38751 0.11360 11.1479
0.28196 16.92 0.28196 3.38761 0.11349 11.1274
0.28239 16.94 0.28239 3.38741 0.11370 11.1164
0.28283 16.97 0.28283 3.38730 0.11380 11.1024
0.28327 17.00 0.28327 3.38730 0.11380 11.0852
0.28371 17.02 0.28371 3.38741 0.11370 11.0649
229 
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0.28415 17.05 0.28415 3.38771 0.11339 11.0383
0.28459 17.08 0.28459 3.38792 0.11319 11.0150
0.28503 17.10 0.28503 3.38741 0.11370 11.0138
0.28546 17.13 0.28546 3.38710 0.11400 11.0063
0.28590 17.15 0.28590 3.38679 0.11431 10.9988
0.28634 17.18 0.28634 3.38751 0.11360 10.9601
0.28678 17.21 0.28678 3.38751 0.11360 10.9434
0.28722 17.23 0.28722 3.38730 0.11380 10.9329
0.28766 17.26 0.28766 3.38740 0.11370 10.9132
0.28809 17.29 0.28809 3.38740 0.11370 10.8966
0.28853 17.31 0.28853 3.38812 0.11299 10.8582
0.28897 17.34 0.28897 3.38781 0.11329 10.8510
0.28941 17.36 0.28941 3.38781 0.11329 10.8346
0.28985 17.39 0.28985 3.38679 0.11431 10.8491
0.29029 17.42 0.29029 3.38679 0.11431 10.8327
0.29073 17.44 0.29073 3.38639 0.11472 10.8286
0.29116 17.47 0.29116 3.38710 0.11400 10.7908
0.29160 17.50 0.29160 3.38669 0.11441 10.7869
0.29204 17.52 0.29204 3.38700 0.11411 10.7615
0.29248 17.55 0.29248 3.38669 0.11441 10.7545
0.29292 17.58 0.29292 3.38680 0.11431 10.7353
0.29336 17.60 0.29336 3.38730 0.11380 10.7041
0.29379 17.63 0.29379 3.38730 0.11380 10.6881
0.29423 17.65 0.29423 3.38761 0.11349 10.6630
0.29467 17.68 0.29467 3.38731 0.11380 10.6562
0.29511 17.71 0.29511 3.38710 0.11400 10.6465
0.29555 17.73 0.29555 3.38649 0.11462 10.6489
0.29599 17.76 0.29599 3.38638 0.11472 10.6362
0.29643 17.79 0.29643 3.38649 0.11462 10.6174
0.29686 17.81 0.29686 3.38679 0.11431 10.5927
0.29730 17.84 0.29730 3.38639 0.11472 10.5890
0.29774 17.86 0.29774 3.38628 0.11482 10.5764
0.29818 17.89 0.29818 3.38628 0.11482 10.5609
0.29862 17.92 0.29862 3.38669 0.11441 10.5335
0.29906 17.94 0.29906 3.38700 0.11411 10.5091
0.29950 17.97 0.29950 3.38720 0.11390 10.4877
0.29993 18.00 0.29993 3.38730 0.11380 10.4694
0.30037 18.02 0.30037 3.38700 0.11411 10.4630
0.30081 18.05 0.30081 3.38669 0.11441 10.4567
0.30125 18.07 0.30125 3.38649 0.11462 10.4474
0.30169 18.10 0.30169 3.38649 0.11462 10.4322
0.30213 18.13 0.30213 3.38669 0.11441 10.4111
0.30257 18.15 0.30257 3.38649 0.11462 10.4020
0.30300 18.18 0.30300 3.38669 0.11441 10.3810
0.30344 18.21 0.30344 3.38659 0.11451 10.3689
0.30388 18.23 0.30388 3.38680 0.11431 10.3480
0.30432 18.26 0.30432 3.38680 0.11431 10.3331
0.30476 18.29 0.30476 3.38680 0.11431 10.3182
0.30520 18.31 0.30520 3.38680 0.11431 10.3034
0.30563 18.34 0.30563 3.38710 0.11400 10.2799
0.30607 18.36 0.30607 3.38730 0.11380 10.2594
0.30651 18.39 0.30651 3.38700 0.11411 10.2535
0.30695 18.42 0.30695 3.38649 0.11462 10.2534
0.30739 18.44 0.30739 3.38588 0.11523 10.2560
0.30783 18.47 0.30783 3.38598 0.11513 10.2386
0.30827 18.50 0.30827 3.38649 0.11462 10.2096
0.30870 18.52 0.30870 3.38710 0.11401 10.1778
0.30914 18.55 0.30914 3.38730 0.11380 10.1575
0.30958 18.57 0.30958 3.38690 0.11421 10.1546
0.31002 18.60 0.31002 3.38618 0.11492 10.1604
0.31046 18.63 0.31046 3.38618 0.11492 10.1460
0.31090 18.65 0.31090 3.38567 0.11543 10.1460
0.31133 18.68 0.31133 3.38578 0.11533 10.1288
0.31177 18.71 0.31177 3.38506 0.11604 10.1343
0.31221 18.73 0.31221 3.38537 0.11573 10.1116
0.31265 18.76 0.31265 3.38578 0.11533 10.0862
0.31309 18.79 0.31309 3.38639 0.11472 10.0551
0.31353 18.81 0.31353 3.38598 0.11512 10.0523
0.31397 18.84 0.31397 3.38598 0.11512 10.0383
0.31440 18.86 0.31440 3.38557 0.11553 10.0355
0.31484 18.89 0.31484 3.38588 0.11523 10.0132
0.31528 18.92 0.31528 3.38547 0.11563 10.0104
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0.31572 18.94 0.31572 3.38567 0.11543 9.9910
0.31616 18.97 0.31616 3.38578 0.11533 9.9743
0.31660 19.00 0.31660 3.38659 0.11451 9.9381
0.31704 19.02 0.31704 3.38608 0.11502 9.9384
0.31747 19.05 0.31747 3.38557 0.11553 9.9386
0.31791 19.07 0.31791 3.38496 0.11614 9.9414
0.31835 19.10 0.31835 3.38537 0.11574 9.9167
0.31879 19.13 0.31879 3.38598 0.11513 9.8865
0.31923 19.15 0.31923 3.38587 0.11523 9.8757
0.31967 19.18 0.31967 3.38547 0.11564 9.8732
0.32011 19.21 0.32011 3.38506 0.11604 9.8706
0.32054 19.23 0.32054 3.38465 0.11645 9.8681
0.32098 19.26 0.32098 3.38496 0.11614 9.8464
0.32142 19.29 0.32142 3.38496 0.11614 9.8329
0.32186 19.31 0.32186 3.38527 0.11584 9.8113
0.32230 19.34 0.32230 3.38598 0.11512 9.7788
0.32274 19.36 0.32274 3.38629 0.11482 9.7572
0.32317 19.39 0.32317 3.38659 0.11451 9.7358
0.32361 19.42 0.32361 3.38567 0.11543 9.7473
0.32405 19.44 0.32405 3.38547 0.11563 9.7395
0.32449 19.47 0.32449 3.38506 0.11604 9.7372
0.32493 19.50 0.32493 3.38537 0.11574 9.7160
0.32537 19.52 0.32537 3.38547 0.11564 9.7002
0.32581 19.55 0.32581 3.38557 0.11553 9.6844
0.32624 19.57 0.32624 3.38577 0.11533 9.6660
0.32668 19.60 0.32668 3.38567 0.11543 9.6557
0.32712 19.63 0.32712 3.38527 0.11584 9.6535
0.32756 19.65 0.32756 3.38496 0.11614 9.6485
0.32800 19.68 0.32800 3.38466 0.11645 9.6437
0.32844 19.71 0.32844 3.38506 0.11604 9.6202
0.32887 19.73 0.32887 3.38445 0.11665 9.6234
0.32931 19.76 0.32931 3.38506 0.11604 9.5946
0.32975 19.79 0.32975 3.38536 0.11574 9.5739
0.33019 19.81 0.33019 3.38638 0.11472 9.5344
0.33063 19.84 0.33063 3.38618 0.11492 9.5271
0.33107 19.86 0.33107 3.38557 0.11553 9.5305
0.33151 19.89 0.33151 3.38547 0.11564 9.5206
0.33194 19.92 0.33194 3.38506 0.11604 9.5186
0.33238 19.94 0.33238 3.38537 0.11574 9.4981
0.33282 19.97 0.33282 3.38506 0.11604 9.4934
0.33326 20.00 0.33326 3.38557 0.11553 9.4677
0.33370 20.02 0.33370 3.38547 0.11563 9.4579
0.33414 20.05 0.33414 3.38557 0.11553 9.4429
0.33458 20.07 0.33458 3.38526 0.11584 9.4385
0.33501 20.10 0.33501 3.38537 0.11574 9.4235
0.33545 20.13 0.33545 3.38537 0.11574 9.4112
0.33589 20.15 0.33589 3.38537 0.11574 9.3989
0.33633 20.18 0.33633 3.38516 0.11594 9.3918
0.33677 20.21 0.33677 3.38476 0.11635 9.3900
0.33721 20.23 0.33721 3.38476 0.11635 9.3778
0.33765 20.26 0.33765 3.38465 0.11645 9.3682
0.33808 20.29 0.33808 3.38506 0.11604 9.3457
0.33852 20.31 0.33852 3.38506 0.11604 9.3336
0.33896 20.34 0.33896 3.38547 0.11564 9.3112
0.33940 20.36 0.33940 3.38516 0.11594 9.3069
0.33984 20.39 0.33984 3.38506 0.11604 9.2974
0.34028 20.42 0.34028 3.38456 0.11655 9.2982
0.34071 20.44 0.34071 3.38476 0.11634 9.2811
0.34115 20.47 0.34115 3.38476 0.11634 9.2692
0.34159 20.50 0.34159 3.38496 0.11614 9.2522
0.34203 20.52 0.34203 3.38445 0.11665 9.2532
0.34247 20.55 0.34247 3.38404 0.11706 9.2515
0.34291 20.57 0.34291 3.38363 0.11747 9.2499
0.34335 20.60 0.34335 3.38353 0.11757 9.2407
0.34378 20.63 0.34378 3.38424 0.11686 9.2112
0.34422 20.65 0.34422 3.38445 0.11665 9.1943
0.34466 20.68 0.34466 3.38445 0.11665 9.1826
0.34510 20.71 0.34510 3.38394 0.11716 9.1835
0.34554 20.73 0.34554 3.38425 0.11686 9.1643
0.34598 20.76 0.34598 3.38496 0.11614 9.1350
0.34641 20.78 0.34641 3.38526 0.11584 9.1159
0.34685 20.81 0.34685 3.38486 0.11625 9.1145
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0.34729 20.84 0.34729 3.38445 0.11665 9.1130
0.34773 20.86 0.34773 3.38455 0.11655 9.0990
0.34817 20.89 0.34817 3.38476 0.11635 9.0825
0.34861 20.92 0.34861 3.38425 0.11686 9.0836
0.34905 20.94 0.34905 3.38414 0.11696 9.0748
0.34948 20.97 0.34948 3.38374 0.11737 9.0733
0.34992 21.00 0.34992 3.38384 0.11726 9.0594
0.35036 21.02 0.35036 3.38364 0.11747 9.0530
0.35080 21.05 0.35080 3.38374 0.11737 9.0393
0.35124 21.07 0.35124 3.38425 0.11686 9.0156
0.35168 21.10 0.35168 3.38415 0.11696 9.0068
0.35212 21.13 0.35212 3.38425 0.11685 8.9931
0.35255 21.15 0.35255 3.38415 0.11696 8.9844
0.35299 21.18 0.35299 3.38394 0.11716 8.9782
0.35343 21.21 0.35343 3.38394 0.11716 8.9671
0.35387 21.23 0.35387 3.38343 0.11767 8.9683
0.35431 21.26 0.35431 3.38404 0.11706 8.9424
0.35475 21.28 0.35475 3.38384 0.11726 8.9362
0.35519 21.31 0.35519 3.38404 0.11706 8.9203
0.35562 21.34 0.35562 3.38404 0.11706 8.9093
0.35606 21.36 0.35606 3.38404 0.11706 8.8983
0.35650 21.39 0.35650 3.38384 0.11726 8.8923
0.35694 21.42 0.35694 3.38292 0.11818 8.9032
0.35738 21.44 0.35738 3.38313 0.11798 8.8874
0.35782 21.47 0.35782 3.38384 0.11726 8.8596
0.35825 21.50 0.35825 3.38414 0.11696 8.8415
0.35869 21.52 0.35869 3.38414 0.11696 8.8307
0.35913 21.55 0.35913 3.38363 0.11747 8.8320
0.35957 21.57 0.35957 3.38353 0.11757 8.8236
0.36001 21.60 0.36001 3.38364 0.11747 8.8104
0.36045 21.63 0.36045 3.38364 0.11747 8.7997
0.36089 21.65 0.36089 3.38364 0.11747 8.7890
0.36132 21.68 0.36132 3.38302 0.11808 8.7928
0.36176 21.71 0.36176 3.38262 0.11849 8.7916
0.36220 21.73 0.36220 3.38313 0.11798 8.7691
0.36264 21.76 0.36264 3.38404 0.11706 8.7370
0.36308 21.78 0.36308 3.38404 0.11706 8.7264
0.36352 21.81 0.36352 3.38333 0.11777 8.7326
0.36395 21.84 0.36395 3.38282 0.11828 8.7339
0.36439 21.86 0.36439 3.38313 0.11798 8.7163
0.36483 21.89 0.36483 3.38374 0.11737 8.6916
0.36527 21.92 0.36527 3.38384 0.11726 8.6788
0.36571 21.94 0.36571 3.38333 0.11777 8.6802
0.36615 21.97 0.36615 3.38272 0.11838 8.6839
0.36659 22.00 0.36659 3.38262 0.11849 8.6759
0.36702 22.02 0.36702 3.38333 0.11777 8.6491
0.36746 22.05 0.36746 3.38333 0.11777 8.6388
0.36790 22.07 0.36790 3.38292 0.11818 8.6379
0.36834 22.10 0.36834 3.38292 0.11818 8.6276
0.36878 22.13 0.36878 3.38364 0.11747 8.6009
0.36922 22.15 0.36922 3.38374 0.11736 8.5883
0.36966 22.18 0.36966 3.38364 0.11747 8.5805
0.37009 22.21 0.37009 3.38313 0.11798 8.5820
0.37053 22.23 0.37053 3.38302 0.11808 8.5743
0.37097 22.26 0.37097 3.38252 0.11859 8.5757
0.37141 22.28 0.37141 3.38252 0.11859 8.5655
0.37185 22.31 0.37185 3.38282 0.11828 8.5485
0.37229 22.34 0.37229 3.38343 0.11767 8.5245
0.37272 22.36 0.37272 3.38292 0.11818 8.5261
0.37316 22.39 0.37316 3.38282 0.11828 8.5184
0.37360 22.42 0.37360 3.38292 0.11818 8.5061
0.37404 22.44 0.37404 3.38333 0.11777 8.4869
0.37448 22.47 0.37448 3.38343 0.11767 8.4746
0.37492 22.50 0.37492 3.38343 0.11767 8.4647
0.37536 22.52 0.37536 3.38364 0.11747 8.4502
0.37579 22.55 0.37579 3.38333 0.11777 8.4473
0.37623 22.57 0.37623 3.38323 0.11788 8.4398
0.37667 22.60 0.37667 3.38282 0.11828 8.4391
0.37711 22.63 0.37711 3.38292 0.11818 8.4269
0.37755 22.65 0.37755 3.38252 0.11859 8.4263
0.37799 22.68 0.37799 3.38211 0.11899 8.4255
0.37843 22.71 0.37843 3.38221 0.11889 8.4136
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0.37886 22.73 0.37886 3.38251 0.11859 8.3971
0.37930 22.76 0.37930 3.38282 0.11828 8.3805
0.37974 22.78 0.37974 3.38282 0.11828 8.3709
0.38018 22.81 0.38018 3.38262 0.11849 8.3657
0.38062 22.84 0.38062 3.38312 0.11798 8.3448
0.38106 22.86 0.38106 3.38312 0.11798 8.3352
0.38149 22.89 0.38149 3.38292 0.11818 8.3302
0.38193 22.92 0.38193 3.38262 0.11849 8.3273
0.38237 22.94 0.38237 3.38252 0.11859 8.3200
0.38281 22.97 0.38281 3.38252 0.11859 8.3104
0.38325 22.99 0.38325 3.38252 0.11859 8.3009
0.38369 23.02 0.38369 3.38262 0.11849 8.2892
0.38413 23.05 0.38413 3.38313 0.11798 8.2685
0.38456 23.07 0.38456 3.38343 0.11767 8.2524
0.38500 23.10 0.38500 3.38333 0.11777 8.2452
0.38544 23.13 0.38544 3.38272 0.11838 8.2493
0.38588 23.15 0.38588 3.38231 0.11879 8.2488
0.38632 23.18 0.38632 3.38180 0.11930 8.2505
0.38676 23.21 0.38676 3.38221 0.11889 8.2323
0.38720 23.23 0.38720 3.38231 0.11879 8.2207
0.38763 23.26 0.38763 3.38272 0.11838 8.2026
0.38807 23.28 0.38807 3.38231 0.11879 8.2022
0.38851 23.31 0.38851 3.38231 0.11879 8.1929
0.38895 23.34 0.38895 3.38252 0.11859 8.1793
0.38939 23.36 0.38939 3.38211 0.11900 8.1789
0.38983 23.39 0.38983 3.38180 0.11930 8.1763
0.39026 23.42 0.39026 3.38150 0.11961 8.1736
0.39070 23.44 0.39070 3.38180 0.11930 8.1579
0.39114 23.47 0.39114 3.38241 0.11869 8.1356
0.39158 23.49 0.39158 3.38272 0.11839 8.1200
0.39202 23.52 0.39202 3.38272 0.11839 8.1109
0.39246 23.55 0.39246 3.38251 0.11859 8.1062
0.39290 23.57 0.39290 3.38241 0.11869 8.0993
0.39333 23.60 0.39333 3.38292 0.11818 8.0793
0.39377 23.63 0.39377 3.38292 0.11818 8.0704
0.39421 23.65 0.39421 3.38333 0.11777 8.0526
0.39465 23.68 0.39465 3.38282 0.11828 8.0546
0.39509 23.71 0.39509 3.38241 0.11869 8.0544
0.39553 23.73 0.39553 3.38201 0.11910 8.0541
0.39597 23.76 0.39597 3.38241 0.11869 8.0365
0.39640 23.78 0.39640 3.38272 0.11838 8.0211
0.39684 23.81 0.39684 3.38211 0.11900 8.0253
0.39728 23.84 0.39728 3.38201 0.11910 8.0185
0.39772 23.86 0.39772 3.38150 0.11961 8.0204
0.39816 23.89 0.39816 3.38170 0.11940 8.0073
0.39860 23.92 0.39860 3.38160 0.11951 8.0007
0.39903 23.94 0.39903 3.38170 0.11941 7.9898
0.39947 23.97 0.39947 3.38160 0.11951 7.9831
0.39991 23.99 0.39991 3.38150 0.11961 7.9765
0.40035 24.02 0.40035 3.38150 0.11961 7.9677
0.40079 24.05 0.40079 3.38129 0.11981 7.9633
0.40123 24.07 0.40123 3.38088 0.12022 7.9631
0.40167 24.10 0.40167 3.38058 0.12052 7.9606
0.40210 24.13 0.40210 3.38150 0.11961 7.9330
0.40254 24.15 0.40254 3.38140 0.11971 7.9264
0.40298 24.18 0.40298 3.38180 0.11930 7.9093
0.40342 24.21 0.40342 3.38078 0.12032 7.9218
0.40386 24.23 0.40386 3.38099 0.12012 7.9091
0.40430 24.26 0.40430 3.38088 0.12022 7.9026
0.40474 24.28 0.40474 3.38150 0.11961 7.8814
0.40517 24.31 0.40517 3.38150 0.11961 7.8729
0.40561 24.34 0.40561 3.38150 0.11961 7.8644
0.40605 24.36 0.40605 3.38119 0.11991 7.8622
0.40649 24.39 0.40649 3.38160 0.11951 7.8453
0.40693 24.42 0.40693 3.38180 0.11930 7.8326
0.40737 24.44 0.40737 3.38231 0.11879 7.8137
0.40780 24.47 0.40780 3.38221 0.11889 7.8073
0.40824 24.49 0.40824 3.38211 0.11899 7.8011
0.40868 24.52 0.40868 3.38201 0.11910 7.7948
0.40912 24.55 0.40912 3.38231 0.11879 7.7803
0.40956 24.57 0.40956 3.38200 0.11910 7.7782
0.41000 24.60 0.41000 3.38180 0.11930 7.7741
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0.41044 24.63 0.41044 3.38129 0.11981 7.7761
0.41087 24.65 0.41087 3.38200 0.11910 7.7533
0.41131 24.68 0.41131 3.38180 0.11930 7.7492
0.41175 24.71 0.41175 3.38170 0.11940 7.7430
0.41219 24.73 0.41219 3.38140 0.11971 7.7409
0.41263 24.76 0.41263 3.38119 0.11991 7.7368
0.41307 24.78 0.41307 3.38129 0.11981 7.7266
0.41351 24.81 0.41351 3.38109 0.12002 7.7225
0.41394 24.84 0.41394 3.38078 0.12032 7.7205
0.41438 24.86 0.41438 3.38119 0.11991 7.7041
0.41482 24.89 0.41482 3.38129 0.11981 7.6939
0.41526 24.92 0.41526 3.38190 0.11920 7.6735
0.41570 24.94 0.41570 3.38160 0.11951 7.6716
0.41614 24.97 0.41614 3.38139 0.11971 7.6676
0.41657 24.99 0.41657 3.38119 0.11991 7.6636
0.41701 25.02 0.41701 3.38099 0.12012 7.6596
0.41745 25.05 0.41745 3.38068 0.12042 7.6576
0.41789 25.07 0.41789 3.38088 0.12022 7.6455
0.41833 25.10 0.41833 3.38119 0.11991 7.6314
0.41877 25.13 0.41877 3.38099 0.12012 7.6275
0.41921 25.15 0.41921 3.38129 0.11981 7.6134
0.41964 25.18 0.41964 3.38078 0.12032 7.6156
0.42008 25.20 0.42008 3.38139 0.11971 7.5955
0.42052 25.23 0.42052 3.38109 0.12002 7.5937
0.42096 25.26 0.42096 3.38119 0.11992 7.5838
0.42140 25.28 0.42140 3.38078 0.12032 7.5839
0.42184 25.31 0.42184 3.38027 0.12083 7.5860
0.42228 25.34 0.42228 3.38007 0.12103 7.5821
0.42271 25.36 0.42271 3.38007 0.12103 7.5743
0.42315 25.39 0.42315 3.38037 0.12073 7.5605
0.42359 25.42 0.42359 3.38017 0.12093 7.5566
0.42403 25.44 0.42403 3.38078 0.12032 7.5368
0.42447 25.47 0.42447 3.38099 0.12012 7.5250
0.42491 25.49 0.42491 3.38160 0.11951 7.5053
0.42534 25.52 0.42534 3.38098 0.12012 7.5096
0.42578 25.55 0.42578 3.38078 0.12032 7.5058
0.42622 25.57 0.42622 3.38058 0.12053 7.5021
0.42666 25.60 0.42666 3.38088 0.12022 7.4884
0.42710 25.63 0.42710 3.38129 0.11981 7.4727
0.42754 25.65 0.42754 3.38140 0.11971 7.4630
0.42798 25.68 0.42798 3.38140 0.11971 7.4554
0.42841 25.70 0.42841 3.38089 0.12022 7.4577
0.42885 25.73 0.42885 3.38150 0.11961 7.4382
0.42929 25.76 0.42929 3.38129 0.11981 7.4345
0.42973 25.78 0.42973 3.38119 0.11991 7.4290
0.43017 25.81 0.43017 3.38048 0.12063 7.4352
0.43061 25.84 0.43061 3.38058 0.12053 7.4257
0.43105 25.86 0.43105 3.38068 0.12042 7.4161
0.43148 25.89 0.43148 3.38068 0.12042 7.4086
0.43192 25.92 0.43192 3.38048 0.12063 7.4050
0.43236 25.94 0.43236 3.38078 0.12032 7.3916
0.43280 25.97 0.43280 3.38058 0.12053 7.3881
0.43324 25.99 0.43324 3.38037 0.12073 7.3845
0.43368 26.02 0.43368 3.38007 0.12103 7.3828
0.43412 26.05 0.43412 3.38007 0.12103 7.3753
0.43455 26.07 0.43455 3.38048 0.12063 7.3601
0.43499 26.10 0.43499 3.38078 0.12032 7.3469
0.43543 26.13 0.43543 3.38068 0.12042 7.3414
0.43587 26.15 0.43587 3.38048 0.12063 7.3379
0.43631 26.18 0.43631 3.38017 0.12093 7.3363
0.43675 26.20 0.43675 3.38038 0.12073 7.3251
0.43718 26.23 0.43718 3.38068 0.12042 7.3119
0.43762 26.26 0.43762 3.38038 0.12073 7.3104
0.43806 26.28 0.43806 3.38048 0.12063 7.3012
0.43850 26.31 0.43850 3.38017 0.12093 7.2997
0.43894 26.34 0.43894 3.38068 0.12042 7.2828
0.43938 26.36 0.43938 3.38058 0.12052 7.2774
0.43982 26.39 0.43982 3.38078 0.12032 7.2663
0.44025 26.42 0.44025 3.38068 0.12042 7.2610
0.44069 26.44 0.44069 3.38068 0.12042 7.2538
0.44113 26.47 0.44113 3.38027 0.12083 7.2542
0.44157 26.49 0.44157 3.37997 0.12113 7.2527
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0.44201 26.52 0.44201 3.37936 0.12175 7.2569
0.44245 26.55 0.44245 3.37926 0.12185 7.2516
0.44288 26.57 0.44288 3.37936 0.12175 7.2426
0.44332 26.60 0.44332 3.37956 0.12154 7.2316
0.44376 26.63 0.44376 3.37946 0.12164 7.2263
0.44420 26.65 0.44420 3.37885 0.12225 7.2305
0.44464 26.68 0.44464 3.37915 0.12195 7.2177
0.44508 26.70 0.44508 3.37987 0.12124 7.1974
0.44552 26.73 0.44552 3.38017 0.12093 7.1847
0.44595 26.76 0.44595 3.38028 0.12083 7.1757
0.44639 26.78 0.44639 3.38007 0.12103 7.1724
0.44683 26.81 0.44683 3.38017 0.12093 7.1635
0.44727 26.84 0.44727 3.38007 0.12103 7.1584
0.44771 26.86 0.44771 3.37987 0.12124 7.1552
0.44815 26.89 0.44815 3.37977 0.12134 7.1500
0.44859 26.92 0.44859 3.37956 0.12154 7.1467
0.44902 26.94 0.44902 3.37987 0.12124 7.1342
0.44946 26.97 0.44946 3.37976 0.12134 7.1291
0.44990 26.99 0.44990 3.38007 0.12103 7.1165
0.45034 27.02 0.45034 3.38007 0.12103 7.1096
0.45078 27.05 0.45078 3.38007 0.12103 7.1027
0.45122 27.07 0.45122 3.37956 0.12154 7.1051
0.45166 27.10 0.45166 3.37875 0.12236 7.1130
0.45209 27.13 0.45209 3.37977 0.12134 7.0876
0.45253 27.15 0.45253 3.38007 0.12103 7.0751
0.45297 27.18 0.45297 3.38099 0.12011 7.0515
0.45341 27.20 0.45341 3.37997 0.12113 7.0633
0.45385 27.23 0.45385 3.38017 0.12093 7.0528
0.45429 27.26 0.45429 3.37926 0.12185 7.0626
0.45472 27.28 0.45472 3.37987 0.12124 7.0448
0.45516 27.31 0.45516 3.37925 0.12185 7.0490
0.45560 27.34 0.45560 3.37976 0.12134 7.0331
0.45604 27.36 0.45604 3.37946 0.12164 7.0318
0.45648 27.39 0.45648 3.37977 0.12134 7.0195
0.45692 27.42 0.45692 3.38007 0.12103 7.0073
0.45736 27.44 0.45736 3.38017 0.12093 6.9988
0.45779 27.47 0.45779 3.38007 0.12103 6.9939
0.45823 27.49 0.45823 3.37977 0.12134 6.9926
0.45867 27.52 0.45867 3.37967 0.12144 6.9877
0.45911 27.55 0.45911 3.37946 0.12164 6.9848
0.45955 27.57 0.45955 3.37926 0.12185 6.9817
0.45999 27.60 0.45999 3.37946 0.12164 6.9714
0.46042 27.63 0.46042 3.37997 0.12113 6.9557
0.46086 27.65 0.46086 3.37987 0.12124 6.9509
0.46130 27.68 0.46130 3.37956 0.12154 6.9498
0.46174 27.70 0.46174 3.37976 0.12134 6.9396
0.46218 27.73 0.46218 3.37966 0.12144 6.9348
0.46262 27.76 0.46262 3.37986 0.12124 6.9246
0.46306 27.78 0.46306 3.37956 0.12154 6.9235
0.46349 27.81 0.46349 3.37997 0.12113 6.9096
0.46393 27.84 0.46393 3.37997 0.12113 6.9031
0.46437 27.86 0.46437 3.37987 0.12124 6.8984
0.46481 27.89 0.46481 3.37956 0.12154 6.8973
0.46525 27.91 0.46525 3.37997 0.12114 6.8836
0.46569 27.94 0.46569 3.38007 0.12103 6.8753
0.46613 27.97 0.46613 3.38058 0.12052 6.8598
0.46656 27.99 0.46656 3.38017 0.12093 6.8606
0.46700 28.02 0.46700 3.37997 0.12113 6.8577
0.46744 28.05 0.46744 3.37977 0.12134 6.8549
0.46788 28.07 0.46788 3.37956 0.12154 6.8520
0.46832 28.10 0.46832 3.37977 0.12134 6.8420
0.46876 28.13 0.46876 3.37956 0.12154 6.8392
0.46920 28.15 0.46920 3.37936 0.12174 6.8364
0.46963 28.18 0.46963 3.37895 0.12215 6.8371
0.47007 28.20 0.47007 3.37885 0.12226 6.8326
0.47051 28.23 0.47051 3.37885 0.12226 6.8262
0.47095 28.26 0.47095 3.37895 0.12215 6.8181
0.47139 28.28 0.47139 3.37895 0.12215 6.8117
0.47183 28.31 0.47183 3.37915 0.12195 6.8018
0.47226 28.34 0.47226 3.37905 0.12205 6.7973
0.47270 28.36 0.47270 3.37895 0.12216 6.7928
0.47314 28.39 0.47314 3.37895 0.12216 6.7865
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0.47358 28.41 0.47358 3.37936 0.12175 6.7731
0.47402 28.44 0.47402 3.37936 0.12175 6.7669
0.47446 28.47 0.47446 3.37936 0.12175 6.7606
0.47490 28.49 0.47490 3.37956 0.12154 6.7509
0.47533 28.52 0.47533 3.37977 0.12134 6.7410
0.47577 28.55 0.47577 3.37987 0.12123 6.7330
0.47621 28.57 0.47621 3.37967 0.12144 6.7304
0.47665 28.60 0.47665 3.37967 0.12144 6.7242
0.47709 28.63 0.47709 3.37936 0.12174 6.7233
0.47753 28.65 0.47753 3.37895 0.12215 6.7241
0.47796 28.68 0.47796 3.37905 0.12205 6.7163
0.47840 28.70 0.47840 3.37885 0.12226 6.7136
0.47884 28.73 0.47884 3.37905 0.12205 6.7039
0.47928 28.76 0.47928 3.37875 0.12236 6.7030
0.47972 28.78 0.47972 3.37885 0.12226 6.6952
0.48016 28.81 0.48016 3.37925 0.12185 6.6821
0.48060 28.84 0.48060 3.37946 0.12164 6.6725
0.48103 28.86 0.48103 3.37936 0.12174 6.6681
0.48147 28.89 0.48147 3.37895 0.12215 6.6690
0.48191 28.91 0.48191 3.37885 0.12225 6.6647
0.48235 28.94 0.48235 3.37905 0.12205 6.6551
0.48279 28.97 0.48279 3.37864 0.12246 6.6560
0.48323 28.99 0.48323 3.37844 0.12266 6.6534
0.48367 29.02 0.48367 3.37844 0.12266 6.6474
0.48410 29.05 0.48410 3.37875 0.12236 6.6362
0.48454 29.07 0.48454 3.37895 0.12215 6.6268
0.48498 29.10 0.48498 3.37864 0.12246 6.6260
0.48542 29.13 0.48542 3.37864 0.12246 6.6200
0.48586 29.15 0.48586 3.37844 0.12266 6.6174
0.48630 29.18 0.48630 3.37814 0.12297 6.6165
0.48674 29.20 0.48674 3.37824 0.12286 6.6088
0.48717 29.23 0.48717 3.37855 0.12256 6.5978
0.48761 29.26 0.48761 3.37885 0.12225 6.5867
0.48805 29.28 0.48805 3.37864 0.12246 6.5843
0.48849 29.31 0.48849 3.37885 0.12226 6.5750
0.48893 29.34 0.48893 3.37885 0.12226 6.5691
0.48937 29.36 0.48937 3.37875 0.12236 6.5649
0.48980 29.39 0.48980 3.37844 0.12266 6.5641
0.49024 29.41 0.49024 3.37854 0.12256 6.5565
0.49068 29.44 0.49068 3.37834 0.12276 6.5540
0.49112 29.47 0.49112 3.37773 0.12337 6.5583
0.49156 29.49 0.49156 3.37783 0.12327 6.5508
0.49200 29.52 0.49200 3.37844 0.12266 6.5348
0.49244 29.55 0.49244 3.37885 0.12226 6.5223
0.49287 29.57 0.49287 3.37875 0.12236 6.5181
0.49331 29.60 0.49331 3.37814 0.12297 6.5224
0.49375 29.63 0.49375 3.37803 0.12307 6.5183
0.49419 29.65 0.49419 3.37813 0.12297 6.5109
0.49463 29.68 0.49463 3.37864 0.12246 6.4967
0.49507 29.70 0.49507 3.37895 0.12215 6.4859
0.49550 29.73 0.49550 3.37916 0.12195 6.4767
0.49594 29.76 0.49594 3.37885 0.12225 6.4761
0.49638 29.78 0.49638 3.37844 0.12266 6.4771
0.49682 29.81 0.49682 3.37814 0.12297 6.4764
0.49726 29.84 0.49726 3.37753 0.12358 6.4806
0.49770 29.86 0.49770 3.37732 0.12378 6.4782
0.49814 29.89 0.49814 3.37712 0.12398 6.4758
0.49857 29.91 0.49857 3.37763 0.12348 6.4619
0.49901 29.94 0.49901 3.37793 0.12317 6.4513
0.49945 29.97 0.49945 3.37813 0.12297 6.4423
0.49989 29.99 0.49989 3.37824 0.12287 6.4350
0.50033 30.02 0.50033 3.37865 0.12246 6.4226
0.50077 30.05 0.50077 3.37844 0.12266 6.4203
0.50121 30.07 0.50121 3.37783 0.12327 6.4246
0.50164 30.10 0.50164 3.37742 0.12368 6.4256
0.50208 30.12 0.50208 3.37752 0.12358 6.4184
0.50252 30.15 0.50252 3.37762 0.12348 6.4112
0.50296 30.18 0.50296 3.37773 0.12338 6.4039
0.50340 30.20 0.50340 3.37783 0.12327 6.3967
0.50384 30.23 0.50384 3.37834 0.12276 6.3829
0.50428 30.26 0.50428 3.37824 0.12287 6.3790
0.50471 30.28 0.50471 3.37824 0.12287 6.3735
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0.50515 30.31 0.50515 3.37834 0.12277 6.3663
0.50559 30.34 0.50559 3.37813 0.12297 6.3641
0.50603 30.36 0.50603 3.37803 0.12307 6.3602
0.50647 30.39 0.50647 3.37783 0.12328 6.3580
0.50691 30.41 0.50691 3.37773 0.12338 6.3541
0.50734 30.44 0.50734 3.37803 0.12307 6.3437
0.50778 30.47 0.50778 3.37803 0.12307 6.3382
0.50822 30.49 0.50822 3.37905 0.12205 6.3164
0.50866 30.52 0.50866 3.37854 0.12256 6.3192
0.50910 30.55 0.50910 3.37864 0.12246 6.3121
0.50954 30.57 0.50954 3.37824 0.12287 6.3131
0.50998 30.60 0.50998 3.37834 0.12276 6.3061
0.51041 30.62 0.51041 3.37773 0.12337 6.3104
0.51085 30.65 0.51085 3.37783 0.12327 6.3033
0.51129 30.68 0.51129 3.37793 0.12317 6.2963
0.51173 30.70 0.51173 3.37885 0.12225 6.2763
0.51217 30.73 0.51217 3.37844 0.12266 6.2775
0.51261 30.76 0.51261 3.37885 0.12225 6.2656
0.51304 30.78 0.51304 3.37803 0.12307 6.2732
0.51348 30.81 0.51348 3.37753 0.12358 6.2758
0.51392 30.84 0.51392 3.37722 0.12388 6.2753
0.51436 30.86 0.51436 3.37773 0.12337 6.2619
0.51480 30.89 0.51480 3.37844 0.12266 6.2454
0.51524 30.91 0.51524 3.37834 0.12277 6.2417
0.51568 30.94 0.51568 3.37783 0.12328 6.2444
0.51611 30.97 0.51611 3.37762 0.12348 6.2423
0.51655 30.99 0.51655 3.37762 0.12348 6.2370
0.51699 31.02 0.51699 3.37834 0.12277 6.2205
0.51743 31.05 0.51743 3.37783 0.12327 6.2232
0.51787 31.07 0.51787 3.37803 0.12307 6.2148
0.51831 31.10 0.51831 3.37732 0.12378 6.2207
0.51875 31.12 0.51875 3.37752 0.12358 6.2122
0.51918 31.15 0.51918 3.37732 0.12378 6.2101
0.51962 31.18 0.51962 3.37773 0.12338 6.1986
0.52006 31.20 0.52006 3.37783 0.12328 6.1918
0.52050 31.23 0.52050 3.37773 0.12338 6.1881
0.52094 31.26 0.52094 3.37742 0.12368 6.1876
0.52138 31.28 0.52138 3.37742 0.12368 6.1824
0.52182 31.31 0.52182 3.37773 0.12338 6.1725
0.52225 31.34 0.52225 3.37803 0.12307 6.1626
0.52269 31.36 0.52269 3.37854 0.12256 6.1495
0.52313 31.39 0.52313 3.37813 0.12297 6.1507
0.52357 31.41 0.52357 3.37803 0.12307 6.1471
0.52401 31.44 0.52401 3.37752 0.12358 6.1498
0.52445 31.47 0.52445 3.37701 0.12409 6.1526
0.52488 31.49 0.52488 3.37711 0.12399 6.1459
0.52532 31.52 0.52532 3.37762 0.12348 6.1329
0.52576 31.55 0.52576 3.37803 0.12307 6.1215
0.52620 31.57 0.52620 3.37783 0.12327 6.1195
0.52664 31.60 0.52664 3.37722 0.12388 6.1238
0.52708 31.62 0.52708 3.37752 0.12358 6.1140
0.52752 31.65 0.52752 3.37722 0.12388 6.1136
0.52795 31.68 0.52795 3.37752 0.12358 6.1039
0.52839 31.70 0.52839 3.37712 0.12399 6.1050
0.52883 31.73 0.52883 3.37722 0.12389 6.0984
0.52927 31.76 0.52927 3.37701 0.12409 6.0965
0.52971 31.78 0.52971 3.37681 0.12429 6.0945
0.53015 31.81 0.53015 3.37671 0.12439 6.0910
0.53058 31.84 0.53058 3.37671 0.12439 6.0860
0.53102 31.86 0.53102 3.37742 0.12368 6.0701
0.53146 31.89 0.53146 3.37773 0.12338 6.0605
0.53190 31.91 0.53190 3.37773 0.12338 6.0555
0.53234 31.94 0.53234 3.37742 0.12368 6.0552
0.53278 31.97 0.53278 3.37762 0.12348 6.0471
0.53322 31.99 0.53322 3.37783 0.12328 6.0390
0.53365 32.02 0.53365 3.37803 0.12307 6.0310
0.53409 32.05 0.53409 3.37803 0.12307 6.0260
0.53453 32.07 0.53453 3.37752 0.12358 6.0288
0.53497 32.10 0.53497 3.37732 0.12378 6.0269
0.53541 32.12 0.53541 3.37752 0.12358 6.0189
0.53585 32.15 0.53585 3.37742 0.12368 6.0155
0.53629 32.18 0.53629 3.37712 0.12399 6.0152
237 
Time 
(min) 
Time 
(sec) 
Cumulative 
Delta Time(min)
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(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht)
0.53672 32.20 0.53672 3.37651 0.12460 6.0194
0.53716 32.23 0.53716 3.37712 0.12399 6.0054
0.53760 32.26 0.53760 3.37762 0.12348 5.9928
0.53804 32.28 0.53804 3.37803 0.12307 5.9818
0.53848 32.31 0.53848 3.37783 0.12328 5.9800
0.53892 32.33 0.53892 3.37762 0.12348 5.9782
0.53936 32.36 0.53936 3.37732 0.12378 5.9779
0.53979 32.39 0.53979 3.37752 0.12358 5.9700
0.54023 32.41 0.54023 3.37732 0.12378 5.9682
0.54067 32.44 0.54067 3.37752 0.12358 5.9603
0.54111 32.47 0.54111 3.37722 0.12388 5.9600
0.54155 32.49 0.54155 3.37753 0.12358 5.9506
0.54199 32.52 0.54199 3.37742 0.12368 5.9473
0.54242 32.55 0.54242 3.37752 0.12358 5.9410
0.54286 32.57 0.54286 3.37712 0.12399 5.9423
0.54330 32.60 0.54330 3.37742 0.12368 5.9329
0.54374 32.62 0.54374 3.37742 0.12368 5.9282
0.54418 32.65 0.54418 3.37752 0.12358 5.9219
0.54462 32.68 0.54462 3.37712 0.12399 5.9232
0.54506 32.70 0.54506 3.37722 0.12388 5.9169
0.54549 32.73 0.54549 3.37691 0.12419 5.9166
0.54593 32.76 0.54593 3.37681 0.12429 5.9134
0.54637 32.78 0.54637 3.37630 0.12480 5.9162
0.54681 32.81 0.54681 3.37620 0.12490 5.9129
0.54725 32.83 0.54725 3.37640 0.12470 5.9052
0.54769 32.86 0.54769 3.37681 0.12429 5.8945
0.54812 32.89 0.54812 3.37752 0.12358 5.8793
0.54856 32.91 0.54856 3.37722 0.12388 5.8790
0.54900 32.94 0.54900 3.37722 0.12388 5.8743
0.54944 32.97 0.54944 3.37671 0.12439 5.8771
0.54988 32.99 0.54988 3.37671 0.12439 5.8724
0.55032 33.02 0.55032 3.37671 0.12439 5.8677
0.55076 33.05 0.55076 3.37661 0.12450 5.8646
0.55119 33.07 0.55119 3.37620 0.12491 5.8659
0.55163 33.10 0.55163 3.37579 0.12531 5.8671
0.55207 33.12 0.55207 3.37610 0.12501 5.8580
0.55251 33.15 0.55251 3.37630 0.12480 5.8504
0.55295 33.18 0.55295 3.37671 0.12440 5.8399
0.55339 33.20 0.55339 3.37691 0.12419 5.8323
0.55383 33.23 0.55383 3.37762 0.12348 5.8173
0.55426 33.26 0.55426 3.37732 0.12378 5.8171
0.55470 33.28 0.55470 3.37671 0.12439 5.8214
0.55514 33.31 0.55514 3.37671 0.12439 5.8168
0.55558 33.33 0.55558 3.37701 0.12409 5.8078
0.55602 33.36 0.55602 3.37752 0.12358 5.7958
0.55646 33.39 0.55646 3.37722 0.12388 5.7956
0.55690 33.41 0.55690 3.37742 0.12368 5.7881
0.55733 33.44 0.55733 3.37742 0.12368 5.7836
0.55777 33.47 0.55777 3.37732 0.12378 5.7805
0.55821 33.49 0.55821 3.37702 0.12409 5.7804
0.55865 33.52 0.55865 3.37691 0.12419 5.7773
0.55909 33.55 0.55909 3.37691 0.12419 5.7728
0.55953 33.57 0.55953 3.37701 0.12409 5.7668
0.55996 33.60 0.55996 3.37701 0.12409 5.7623
0.56040 33.62 0.56040 3.37712 0.12399 5.7563
0.56084 33.65 0.56084 3.37702 0.12409 5.7532
0.56128 33.68 0.56128 3.37702 0.12409 5.7487
0.56172 33.70 0.56172 3.37681 0.12429 5.7472
0.56216 33.73 0.56216 3.37681 0.12429 5.7427
0.56260 33.76 0.56260 3.37661 0.12449 5.7411
0.56303 33.78 0.56303 3.37681 0.12429 5.7337
0.56347 33.81 0.56347 3.37640 0.12470 5.7351
0.56391 33.83 0.56391 3.37671 0.12439 5.7263
0.56435 33.86 0.56435 3.37651 0.12460 5.7247
0.56479 33.89 0.56479 3.37651 0.12460 5.7203
0.56523 33.91 0.56523 3.37630 0.12480 5.7188
0.56566 33.94 0.56566 3.37671 0.12439 5.7085
0.56610 33.97 0.56610 3.37702 0.12409 5.6998
0.56654 33.99 0.56654 3.37722 0.12388 5.6925
0.56698 34.02 0.56698 3.37702 0.12409 5.6909
0.56742 34.05 0.56742 3.37651 0.12460 5.6938
0.56786 34.07 0.56786 3.37640 0.12470 5.6908
238 
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Time 
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0.56830 34.10 0.56830 3.37630 0.12480 5.6879
0.56873 34.12 0.56873 3.37712 0.12399 5.6720
0.56917 34.15 0.56917 3.37671 0.12439 5.6734
0.56961 34.18 0.56961 3.37691 0.12419 5.6661
0.57005 34.20 0.57005 3.37661 0.12450 5.6661
0.57049 34.23 0.57049 3.37671 0.12440 5.6603
0.57093 34.26 0.57093 3.37640 0.12470 5.6602
0.57137 34.28 0.57137 3.37620 0.12490 5.6588
0.57180 34.31 0.57180 3.37620 0.12490 5.6544
0.57224 34.33 0.57224 3.37661 0.12450 5.6444
0.57268 34.36 0.57268 3.37681 0.12429 5.6372
0.57312 34.39 0.57312 3.37722 0.12388 5.6271
0.57356 34.41 0.57356 3.37702 0.12409 5.6257
0.57400 34.44 0.57400 3.37692 0.12419 5.6228
0.57443 34.47 0.57443 3.37641 0.12470 5.6256
0.57487 34.49 0.57487 3.37590 0.12521 5.6284
0.57531 34.52 0.57531 3.37610 0.12500 5.6213
0.57575 34.55 0.57575 3.37610 0.12500 5.6170
0.57619 34.57 0.57619 3.37590 0.12521 5.6156
0.57663 34.60 0.57663 3.37539 0.12572 5.6184
0.57707 34.62 0.57707 3.37569 0.12541 5.6099
0.57750 34.65 0.57750 3.37569 0.12541 5.6056
0.57794 34.68 0.57794 3.37569 0.12541 5.6014
0.57838 34.70 0.57838 3.37539 0.12572 5.6013
0.57882 34.73 0.57882 3.37528 0.12582 5.5985
0.57926 34.76 0.57926 3.37528 0.12582 5.5943
0.57970 34.78 0.57970 3.37538 0.12572 5.5887
0.58014 34.81 0.58014 3.37569 0.12541 5.5802
0.58057 34.83 0.58057 3.37589 0.12521 5.5732
0.58101 34.86 0.58101 3.37589 0.12521 5.5690
0.58145 34.89 0.58145 3.37589 0.12521 5.5648
0.58189 34.91 0.58189 3.37579 0.12531 5.5620
0.58233 34.94 0.58233 3.37589 0.12521 5.5564
0.58277 34.97 0.58277 3.37610 0.12501 5.5495
0.58320 34.99 0.58320 3.37589 0.12521 5.5481
0.58364 35.02 0.58364 3.37559 0.12552 5.5481
0.58408 35.04 0.58408 3.37498 0.12613 5.5522
0.58452 35.07 0.58452 3.37549 0.12562 5.5411
0.58496 35.10 0.58496 3.37590 0.12521 5.5314
0.58540 35.12 0.58540 3.37630 0.12480 5.5217
0.58584 35.15 0.58584 3.37569 0.12541 5.5259
0.58627 35.18 0.58627 3.37559 0.12551 5.5232
0.58671 35.20 0.58671 3.37600 0.12511 5.5135
0.58715 35.23 0.58715 3.37630 0.12480 5.5052
0.58759 35.26 0.58759 3.37599 0.12511 5.5053
0.58803 35.28 0.58803 3.37559 0.12552 5.5067
0.58847 35.31 0.58847 3.37559 0.12552 5.5026
0.58891 35.33 0.58891 3.37569 0.12541 5.4971
0.58934 35.36 0.58934 3.37569 0.12541 5.4930
0.58978 35.39 0.58978 3.37508 0.12602 5.4972
0.59022 35.41 0.59022 3.37549 0.12562 5.4876
0.59066 35.44 0.59066 3.37528 0.12582 5.4863
0.59110 35.47 0.59110 3.37569 0.12541 5.4767
0.59154 35.49 0.59154 3.37528 0.12582 5.4782
0.59197 35.52 0.59197 3.37569 0.12541 5.4686
0.59241 35.54 0.59241 3.37579 0.12531 5.4632
0.59285 35.57 0.59285 3.37569 0.12541 5.4605
0.59329 35.60 0.59329 3.37538 0.12572 5.4606
0.59373 35.62 0.59373 3.37579 0.12531 5.4511
0.59417 35.65 0.59417 3.37569 0.12541 5.4484
0.59461 35.68 0.59461 3.37600 0.12511 5.4403
0.59504 35.70 0.59504 3.37579 0.12531 5.4390
0.59548 35.73 0.59548 3.37620 0.12490 5.4296
0.59592 35.76 0.59592 3.37610 0.12501 5.4270
0.59636 35.78 0.59636 3.37610 0.12501 5.4230
0.59680 35.81 0.59680 3.37559 0.12552 5.4258
0.59724 35.83 0.59724 3.37508 0.12602 5.4286
0.59768 35.86 0.59768 3.37488 0.12623 5.4273
0.59811 35.89 0.59811 3.37569 0.12541 5.4125
0.59855 35.91 0.59855 3.37600 0.12511 5.4044
0.59899 35.94 0.59899 3.37600 0.12511 5.4005
0.59943 35.97 0.59943 3.37569 0.12541 5.4006
239 
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0.59987 35.99 0.59987 3.37559 0.12551 5.3980
0.60031 36.02 0.60031 3.37539 0.12572 5.3968
0.60074 36.04 0.60074 3.37488 0.12623 5.3996
0.60118 36.07 0.60118 3.37488 0.12623 5.3956
0.60162 36.10 0.60162 3.37467 0.12643 5.3944
0.60206 36.12 0.60206 3.37478 0.12633 5.3891
0.60250 36.15 0.60250 3.37518 0.12592 5.3798
0.60294 36.18 0.60294 3.37539 0.12572 5.3732
0.60338 36.20 0.60338 3.37579 0.12531 5.3639
0.60381 36.23 0.60381 3.37508 0.12602 5.3694
0.60425 36.26 0.60425 3.37538 0.12572 5.3616
0.60469 36.28 0.60469 3.37487 0.12623 5.3644
0.60513 36.31 0.60513 3.37538 0.12572 5.3538
0.60557 36.33 0.60557 3.37447 0.12664 5.3619
0.60601 36.36 0.60601 3.37447 0.12664 5.3580
0.60645 36.39 0.60645 3.37457 0.12654 5.3528
0.60688 36.41 0.60688 3.37518 0.12592 5.3410
0.60732 36.44 0.60732 3.37538 0.12572 5.3345
0.60776 36.47 0.60776 3.37498 0.12613 5.3359
0.60820 36.49 0.60820 3.37538 0.12572 5.3268
0.60864 36.52 0.60864 3.37528 0.12582 5.3242
0.60908 36.54 0.60908 3.37539 0.12572 5.3190
0.60951 36.57 0.60951 3.37478 0.12633 5.3232
0.60995 36.60 0.60995 3.37518 0.12592 5.3140
0.61039 36.62 0.61039 3.37549 0.12562 5.3063
0.61083 36.65 0.61083 3.37559 0.12552 5.3012
0.61127 36.68 0.61127 3.37477 0.12633 5.3080
0.61171 36.70 0.61171 3.37467 0.12643 5.3055
0.61215 36.73 0.61215 3.37518 0.12592 5.2951
0.61258 36.76 0.61258 3.37559 0.12551 5.2859
0.61302 36.78 0.61302 3.37528 0.12582 5.2861
0.61346 36.81 0.61346 3.37477 0.12633 5.2890
0.61390 36.83 0.61390 3.37508 0.12603 5.2813
0.61434 36.86 0.61434 3.37528 0.12582 5.2749
0.61478 36.89 0.61478 3.37518 0.12592 5.2724
0.61522 36.91 0.61522 3.37508 0.12602 5.2699
0.61565 36.94 0.61565 3.37539 0.12572 5.2622
0.61609 36.97 0.61609 3.37549 0.12562 5.2572
0.61653 36.99 0.61653 3.37528 0.12582 5.2561
0.61697 37.02 0.61697 3.37498 0.12613 5.2563
0.61741 37.04 0.61741 3.37498 0.12613 5.2525
0.61785 37.07 0.61785 3.37477 0.12633 5.2514
0.61828 37.10 0.61828 3.37477 0.12633 5.2477
0.61872 37.12 0.61872 3.37528 0.12582 5.2374
0.61916 37.15 0.61916 3.37549 0.12562 5.2311
0.61960 37.18 0.61960 3.37518 0.12592 5.2313
0.62004 37.20 0.62004 3.37518 0.12592 5.2276
0.62048 37.23 0.62048 3.37498 0.12612 5.2265
0.62092 37.25 0.62092 3.37498 0.12612 5.2228
0.62135 37.28 0.62135 3.37437 0.12673 5.2269
0.62179 37.31 0.62179 3.37467 0.12643 5.2194
0.62223 37.33 0.62223 3.37467 0.12643 5.2157
0.62267 37.36 0.62267 3.37477 0.12633 5.2107
0.62311 37.39 0.62311 3.37467 0.12643 5.2083
0.62355 37.41 0.62355 3.37447 0.12664 5.2073
0.62399 37.44 0.62399 3.37457 0.12653 5.2023
0.62442 37.47 0.62442 3.37426 0.12684 5.2026
0.62486 37.49 0.62486 3.37437 0.12674 5.1976
0.62530 37.52 0.62530 3.37447 0.12664 5.1927
0.62574 37.54 0.62574 3.37508 0.12603 5.1813
0.62618 37.57 0.62618 3.37518 0.12592 5.1764
0.62662 37.60 0.62662 3.37498 0.12613 5.1754
0.62705 37.62 0.62705 3.37488 0.12623 5.1730
0.62749 37.65 0.62749 3.37518 0.12592 5.1656
0.62793 37.68 0.62793 3.37528 0.12582 5.1606
0.62837 37.70 0.62837 3.37477 0.12633 5.1635
0.62881 37.73 0.62881 3.37498 0.12613 5.1573
0.62925 37.75 0.62925 3.37508 0.12603 5.1525
0.62969 37.78 0.62969 3.37538 0.12572 5.1450
0.63012 37.81 0.63012 3.37508 0.12602 5.1452
0.63056 37.83 0.63056 3.37518 0.12592 5.1404
0.63100 37.86 0.63100 3.37498 0.12612 5.1393
240 
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0.63144 37.89 0.63144 3.37528 0.12582 5.1320
0.63188 37.91 0.63188 3.37518 0.12592 5.1297
0.63232 37.94 0.63232 3.37508 0.12603 5.1274
0.63276 37.97 0.63276 3.37498 0.12613 5.1251
0.63319 37.99 0.63319 3.37488 0.12623 5.1228
0.63363 38.02 0.63363 3.37549 0.12562 5.1117
0.63407 38.04 0.63407 3.37508 0.12602 5.1132
0.63451 38.07 0.63451 3.37447 0.12664 5.1173
0.63495 38.10 0.63495 3.37386 0.12725 5.1214
0.63539 38.12 0.63539 3.37375 0.12735 5.1191
0.63583 38.15 0.63583 3.37426 0.12684 5.1093
0.63626 38.18 0.63626 3.37437 0.12674 5.1045
0.63670 38.20 0.63670 3.37437 0.12674 5.1010
0.63714 38.23 0.63714 3.37416 0.12694 5.1000
0.63758 38.25 0.63758 3.37426 0.12684 5.0952
0.63802 38.28 0.63802 3.37467 0.12643 5.0867
0.63846 38.31 0.63846 3.37487 0.12623 5.0807
0.63889 38.33 0.63889 3.37498 0.12613 5.0759
0.63933 38.36 0.63933 3.37477 0.12633 5.0749
0.63977 38.39 0.63977 3.37488 0.12623 5.0702
0.64021 38.41 0.64021 3.37426 0.12684 5.0743
0.64065 38.44 0.64065 3.37416 0.12694 5.0720
0.64109 38.47 0.64109 3.37416 0.12694 5.0686
0.64153 38.49 0.64153 3.37447 0.12663 5.0613
0.64196 38.52 0.64196 3.37416 0.12694 5.0616
0.64240 38.54 0.64240 3.37375 0.12735 5.0632
0.64284 38.57 0.64284 3.37426 0.12684 5.0535
0.64328 38.60 0.64328 3.37457 0.12653 5.0463
0.64372 38.62 0.64372 3.37437 0.12674 5.0454
0.64416 38.65 0.64416 3.37355 0.12755 5.0519
0.64459 38.68 0.64459 3.37355 0.12755 5.0485
0.64503 38.70 0.64503 3.37426 0.12684 5.0363
0.64547 38.73 0.64547 3.37488 0.12623 5.0254
0.64591 38.75 0.64591 3.37498 0.12613 5.0208
0.64635 38.78 0.64635 3.37447 0.12664 5.0236
0.64679 38.81 0.64679 3.37426 0.12684 5.0227
0.64723 38.83 0.64723 3.37437 0.12674 5.0180
0.64766 38.86 0.64766 3.37457 0.12653 5.0121
0.64810 38.89 0.64810 3.37427 0.12684 5.0124
0.64854 38.91 0.64854 3.37386 0.12725 5.0140
0.64898 38.94 0.64898 3.37396 0.12715 5.0094
0.64942 38.97 0.64942 3.37406 0.12705 5.0048
0.64986 38.99 0.64986 3.37396 0.12715 5.0027
0.65030 39.02 0.65030 3.37386 0.12725 5.0005
0.65073 39.04 0.65073 3.37427 0.12684 4.9922
0.65117 39.07 0.65117 3.37478 0.12633 4.9826
0.65161 39.10 0.65161 3.37508 0.12602 4.9756
0.65205 39.12 0.65205 3.37508 0.12602 4.9722
0.65249 39.15 0.65249 3.37488 0.12623 4.9714
0.65293 39.18 0.65293 3.37467 0.12643 4.9705
0.65337 39.20 0.65337 3.37447 0.12663 4.9696
0.65380 39.23 0.65380 3.37426 0.12684 4.9688
0.65424 39.25 0.65424 3.37365 0.12745 4.9728
0.65468 39.28 0.65468 3.37396 0.12715 4.9658
0.65512 39.31 0.65512 3.37437 0.12674 4.9576
0.65556 39.33 0.65556 3.37477 0.12633 4.9493
0.65600 39.36 0.65600 3.37416 0.12694 4.9534
0.65643 39.39 0.65643 3.37386 0.12725 4.9537
0.65687 39.41 0.65687 3.37406 0.12704 4.9480
0.65731 39.44 0.65731 3.37406 0.12704 4.9447
0.65775 39.47 0.65775 3.37437 0.12674 4.9377
0.65819 39.49 0.65819 3.37396 0.12714 4.9393
0.65863 39.52 0.65863 3.37437 0.12674 4.9311
0.65907 39.54 0.65907 3.37457 0.12653 4.9254
0.65950 39.57 0.65950 3.37477 0.12633 4.9197
0.65994 39.60 0.65994 3.37477 0.12633 4.9165
0.66038 39.62 0.66038 3.37426 0.12684 4.9193
0.66082 39.65 0.66082 3.37416 0.12694 4.9173
0.66126 39.68 0.66126 3.37375 0.12735 4.9188
0.66170 39.70 0.66170 3.37365 0.12745 4.9168
0.66213 39.73 0.66213 3.37355 0.12755 4.9147
0.66257 39.75 0.66257 3.37355 0.12755 4.9115
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0.66301 39.78 0.66301 3.37365 0.12745 4.9070
0.66345 39.81 0.66345 3.37365 0.12745 4.9038
0.66389 39.83 0.66389 3.37355 0.12755 4.9017
0.66433 39.86 0.66433 3.37375 0.12735 4.8961
0.66477 39.89 0.66477 3.37396 0.12715 4.8905
0.66520 39.91 0.66520 3.37386 0.12725 4.8884
0.66564 39.94 0.66564 3.37386 0.12725 4.8852
0.66608 39.96 0.66608 3.37365 0.12745 4.8844
0.66652 39.99 0.66652 3.37375 0.12735 4.8800
0.66696 40.02 0.66696 3.37345 0.12766 4.8804
0.66740 40.04 0.66740 3.37345 0.12766 4.8772
0.66784 40.07 0.66784 3.37365 0.12745 4.8716
0.66827 40.10 0.66827 3.37355 0.12755 4.8696
0.66871 40.12 0.66871 3.37314 0.12796 4.8711
0.66915 40.15 0.66915 3.37314 0.12796 4.8680
0.66959 40.18 0.66959 3.37263 0.12847 4.8707
0.67003 40.20 0.67003 3.37294 0.12817 4.8640
0.67047 40.23 0.67047 3.37335 0.12776 4.8560
0.67091 40.25 0.67091 3.37396 0.12715 4.8457
0.67134 40.28 0.67134 3.37457 0.12653 4.8354
0.67178 40.31 0.67178 3.37386 0.12725 4.8406
0.67222 40.33 0.67222 3.37386 0.12725 4.8374
0.67266 40.36 0.67266 3.37324 0.12786 4.8414
0.67310 40.39 0.67310 3.37355 0.12756 4.8347
0.67354 40.41 0.67354 3.37365 0.12745 4.8304
0.67397 40.44 0.67397 3.37345 0.12766 4.8296
0.67441 40.46 0.67441 3.37345 0.12766 4.8264
0.67485 40.49 0.67485 3.37324 0.12786 4.8257
0.67529 40.52 0.67529 3.37355 0.12755 4.8190
0.67573 40.54 0.67573 3.37365 0.12745 4.8147
0.67617 40.57 0.67617 3.37396 0.12714 4.8080
0.67661 40.60 0.67661 3.37447 0.12663 4.7989
0.67704 40.62 0.67704 3.37416 0.12694 4.7994
0.67748 40.65 0.67748 3.37375 0.12735 4.8010
0.67792 40.68 0.67792 3.37345 0.12766 4.8015
0.67836 40.70 0.67836 3.37386 0.12725 4.7936
0.67880 40.73 0.67880 3.37365 0.12745 4.7929
0.67924 40.75 0.67924 3.37376 0.12735 4.7886
0.67967 40.78 0.67967 3.37294 0.12816 4.7949
0.68011 40.81 0.68011 3.37284 0.12826 4.7930
0.68055 40.83 0.68055 3.37223 0.12888 4.7969
0.68099 40.86 0.68099 3.37335 0.12776 4.7810
0.68143 40.89 0.68143 3.37375 0.12735 4.7732
0.68187 40.91 0.68187 3.37365 0.12745 4.7713
0.68231 40.94 0.68231 3.37335 0.12775 4.7717
0.68274 40.96 0.68274 3.37366 0.12745 4.7651
0.68318 40.99 0.68318 3.37437 0.12673 4.7539
0.68362 41.02 0.68362 3.37406 0.12704 4.7544
0.68406 41.04 0.68406 3.37345 0.12765 4.7583
0.68450 41.07 0.68450 3.37274 0.12837 4.7634
0.68494 41.10 0.68494 3.37304 0.12806 4.7569
0.68538 41.12 0.68538 3.37294 0.12816 4.7550
0.68581 41.15 0.68581 3.37366 0.12745 4.7438
0.68625 41.18 0.68625 3.37345 0.12765 4.7431
0.68669 41.20 0.68669 3.37375 0.12735 4.7367
0.68713 41.23 0.68713 3.37365 0.12745 4.7348
0.68757 41.25 0.68757 3.37375 0.12735 4.7306
0.68801 41.28 0.68801 3.37335 0.12776 4.7322
0.68845 41.31 0.68845 3.37294 0.12816 4.7338
0.68888 41.33 0.68888 3.37263 0.12847 4.7343
0.68932 41.36 0.68932 3.37324 0.12786 4.7244
0.68976 41.39 0.68976 3.37345 0.12766 4.7191
0.69020 41.41 0.69020 3.37324 0.12786 4.7184
0.69064 41.44 0.69064 3.37284 0.12827 4.7200
0.69108 41.46 0.69108 3.37273 0.12837 4.7181
0.69151 41.49 0.69151 3.37263 0.12847 4.7163
0.69195 41.52 0.69195 3.37304 0.12806 4.7087
0.69239 41.54 0.69239 3.37253 0.12857 4.7114
0.69283 41.57 0.69283 3.37304 0.12806 4.7027
0.69327 41.60 0.69327 3.37274 0.12837 4.7032
0.69371 41.62 0.69371 3.37355 0.12755 4.6910
0.69415 41.65 0.69415 3.37386 0.12725 4.6846
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0.69458 41.68 0.69458 3.37396 0.12715 4.6805
0.69502 41.70 0.69502 3.37375 0.12735 4.6799
0.69546 41.73 0.69546 3.37284 0.12827 4.6872
0.69590 41.75 0.69590 3.37284 0.12827 4.6843
0.69634 41.78 0.69634 3.37284 0.12827 4.6813
0.69678 41.81 0.69678 3.37324 0.12786 4.6738
0.69722 41.83 0.69722 3.37294 0.12816 4.6743
0.69765 41.86 0.69765 3.37284 0.12827 4.6725
0.69809 41.89 0.69809 3.37284 0.12827 4.6696
0.69853 41.91 0.69853 3.37375 0.12735 4.6564
0.69897 41.94 0.69897 3.37375 0.12735 4.6534
0.69941 41.96 0.69941 3.37375 0.12735 4.6505
0.69985 41.99 0.69985 3.37365 0.12745 4.6488
0.70028 42.02 0.70028 3.37314 0.12796 4.6515
0.70072 42.04 0.70072 3.37304 0.12806 4.6497
0.70116 42.07 0.70116 3.37243 0.12867 4.6536
0.70160 42.10 0.70160 3.37284 0.12826 4.6462
0.70204 42.12 0.70204 3.37284 0.12826 4.6433
0.70248 42.15 0.70248 3.37294 0.12816 4.6393
0.70292 42.17 0.70292 3.37324 0.12786 4.6330
0.70335 42.20 0.70335 3.37365 0.12745 4.6256
0.70379 42.23 0.70379 3.37345 0.12766 4.6250
0.70423 42.25 0.70423 3.37284 0.12827 4.6289
0.70467 42.28 0.70467 3.37243 0.12867 4.6305
0.70511 42.31 0.70511 3.37284 0.12827 4.6231
0.70555 42.33 0.70555 3.37294 0.12816 4.6191
0.70599 42.36 0.70599 3.37304 0.12806 4.6151
0.70642 42.39 0.70642 3.37294 0.12816 4.6134
0.70686 42.41 0.70686 3.37335 0.12776 4.6060
0.70730 42.44 0.70730 3.37314 0.12796 4.6054
0.70774 42.46 0.70774 3.37304 0.12806 4.6037
0.70818 42.49 0.70818 3.37294 0.12817 4.6020
0.70862 42.52 0.70862 3.37284 0.12827 4.6002
0.70905 42.54 0.70905 3.37325 0.12786 4.5929
0.70949 42.57 0.70949 3.37315 0.12796 4.5911
0.70993 42.60 0.70993 3.37335 0.12775 4.5860
0.71037 42.62 0.71037 3.37304 0.12806 4.5866
0.71081 42.65 0.71081 3.37325 0.12786 4.5815
0.71125 42.67 0.71125 3.37345 0.12765 4.5765
0.71169 42.70 0.71169 3.37335 0.12776 4.5748
0.71212 42.73 0.71212 3.37335 0.12776 4.5720
0.71256 42.75 0.71256 3.37314 0.12796 4.5714
0.71300 42.78 0.71300 3.37284 0.12826 4.5719
0.71344 42.81 0.71344 3.37253 0.12857 4.5724
0.71388 42.83 0.71388 3.37284 0.12827 4.5663
0.71432 42.86 0.71432 3.37334 0.12776 4.5580
0.71475 42.89 0.71475 3.37355 0.12756 4.5529
0.71519 42.91 0.71519 3.37345 0.12766 4.5512
0.71563 42.94 0.71563 3.37314 0.12796 4.5518
0.71607 42.96 0.71607 3.37294 0.12816 4.5512
0.71651 42.99 0.71651 3.37325 0.12786 4.5451
0.71695 43.02 0.71695 3.37304 0.12806 4.5445
0.71739 43.04 0.71739 3.37335 0.12775 4.5384
0.71782 43.07 0.71782 3.37314 0.12796 4.5379
0.71826 43.10 0.71826 3.37324 0.12786 4.5340
0.71870 43.12 0.71870 3.37304 0.12806 4.5335
0.71914 43.15 0.71914 3.37294 0.12816 4.5318
0.71958 43.17 0.71958 3.37304 0.12806 4.5279
0.72002 43.20 0.72002 3.37325 0.12786 4.5229
0.72046 43.23 0.72046 3.37314 0.12796 4.5213
0.72089 43.25 0.72089 3.37304 0.12806 4.5197
0.72133 43.28 0.72133 3.37294 0.12817 4.5180
0.72177 43.31 0.72177 3.37335 0.12776 4.5109
0.72221 43.33 0.72221 3.37396 0.12714 4.5015
0.72265 43.36 0.72265 3.37406 0.12704 4.4976
0.72309 43.39 0.72309 3.37386 0.12725 4.4971
0.72352 43.41 0.72352 3.37284 0.12827 4.5054
0.72396 43.44 0.72396 3.37273 0.12837 4.5038
0.72440 43.46 0.72440 3.37253 0.12857 4.5033
0.72484 43.49 0.72484 3.37365 0.12745 4.4885
0.72528 43.52 0.72528 3.37385 0.12725 4.4836
0.72572 43.54 0.72572 3.37406 0.12705 4.4786
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0.72616 43.57 0.72616 3.37355 0.12756 4.4815
0.72659 43.60 0.72659 3.37345 0.12766 4.4798
0.72703 43.62 0.72703 3.37314 0.12796 4.4804
0.72747 43.65 0.72747 3.37314 0.12796 4.4777
0.72791 43.67 0.72791 3.37335 0.12776 4.4728
0.72835 43.70 0.72835 3.37335 0.12776 4.4701
0.72879 43.73 0.72879 3.37325 0.12786 4.4685
0.72923 43.75 0.72923 3.37233 0.12877 4.4756
0.72966 43.78 0.72966 3.37243 0.12867 4.4719
0.73010 43.81 0.73010 3.37243 0.12867 4.4692
0.73054 43.83 0.73054 3.37294 0.12816 4.4611
0.73098 43.86 0.73098 3.37274 0.12837 4.4605
0.73142 43.89 0.73142 3.37294 0.12816 4.4557
0.73186 43.91 0.73186 3.37263 0.12847 4.4563
0.73230 43.94 0.73230 3.37263 0.12847 4.4536
0.73273 43.96 0.73273 3.37243 0.12867 4.4531
0.73317 43.99 0.73317 3.37274 0.12837 4.4472
0.73361 44.02 0.73361 3.37314 0.12796 4.4402
0.73405 44.04 0.73405 3.37304 0.12806 4.4387
0.73449 44.07 0.73449 3.37273 0.12837 4.4393
0.73493 44.10 0.73493 3.37263 0.12847 4.4377
0.73536 44.12 0.73536 3.37274 0.12837 4.4339
0.73580 44.15 0.73580 3.37355 0.12755 4.4226
0.73624 44.17 0.73624 3.37335 0.12775 4.4222
0.73668 44.20 0.73668 3.37315 0.12796 4.4217
0.73712 44.23 0.73712 3.37233 0.12877 4.4277
0.73756 44.25 0.73756 3.37274 0.12837 4.4208
0.73799 44.28 0.73799 3.37284 0.12827 4.4171
0.73843 44.31 0.73843 3.37294 0.12816 4.4134
0.73887 44.33 0.73887 3.37253 0.12857 4.4150
0.73931 44.36 0.73931 3.37253 0.12857 4.4124
0.73975 44.38 0.73975 3.37253 0.12857 4.4098
0.74019 44.41 0.74019 3.37274 0.12837 4.4051
0.74063 44.44 0.74063 3.37284 0.12826 4.4014
0.74107 44.46 0.74107 3.37264 0.12847 4.4009
0.74150 44.49 0.74150 3.37233 0.12877 4.4015
0.74194 44.52 0.74194 3.37243 0.12867 4.3979
0.74238 44.54 0.74238 3.37253 0.12857 4.3942
0.74282 44.57 0.74282 3.37263 0.12847 4.3905
0.74326 44.60 0.74326 3.37223 0.12888 4.3922
0.74370 44.62 0.74370 3.37233 0.12877 4.3885
0.74413 44.65 0.74413 3.37243 0.12867 4.3849
0.74457 44.67 0.74457 3.37263 0.12847 4.3802
0.74501 44.70 0.74501 3.37273 0.12837 4.3766
0.74545 44.73 0.74545 3.37324 0.12786 4.3687
0.74589 44.75 0.74589 3.37304 0.12806 4.3682
0.74633 44.78 0.74633 3.37324 0.12786 4.3635
0.74677 44.81 0.74677 3.37263 0.12847 4.3673
0.74720 44.83 0.74720 3.37233 0.12878 4.3680
0.74764 44.86 0.74764 3.37212 0.12898 4.3675
0.74808 44.88 0.74808 3.37202 0.12908 4.3660
0.74852 44.91 0.74852 3.37243 0.12867 4.3592
0.74896 44.94 0.74896 3.37192 0.12918 4.3619
0.74940 44.96 0.74940 3.37172 0.12939 4.3615
0.74983 44.99 0.74983 3.37182 0.12929 4.3579
0.75027 45.02 0.75027 3.37182 0.12929 4.3554
0.75071 45.04 0.75071 3.37172 0.12939 4.3538
0.75115 45.07 0.75115 3.37151 0.12959 4.3534
0.75159 45.10 0.75159 3.37192 0.12918 4.3466
0.75203 45.12 0.75203 3.37182 0.12928 4.3452
0.75247 45.15 0.75247 3.37162 0.12949 4.3447
0.75290 45.17 0.75290 3.37182 0.12928 4.3401
0.75334 45.20 0.75334 3.37253 0.12857 4.3302
0.75378 45.23 0.75378 3.37264 0.12847 4.3266
0.75422 45.25 0.75422 3.37213 0.12898 4.3294
0.75466 45.28 0.75466 3.37172 0.12938 4.3310
0.75510 45.31 0.75510 3.37202 0.12908 4.3254
0.75554 45.33 0.75554 3.37284 0.12827 4.3145
0.75597 45.36 0.75597 3.37273 0.12837 4.3131
0.75641 45.38 0.75641 3.37273 0.12837 4.3106
0.75685 45.41 0.75685 3.37233 0.12878 4.3123
0.75729 45.44 0.75729 3.37253 0.12857 4.3077
244 
Time 
(min) 
Time 
(sec) 
Cumulative 
Delta Time(min)
Depth 
(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht)
0.75773 45.46 0.75773 3.37223 0.12888 4.3083
0.75817 45.49 0.75817 3.37172 0.12939 4.3110
0.75860 45.52 0.75860 3.37151 0.12959 4.3106
0.75904 45.54 0.75904 3.37182 0.12929 4.3050
0.75948 45.57 0.75948 3.37223 0.12888 4.2984
0.75992 45.60 0.75992 3.37233 0.12877 4.2948
0.76036 45.62 0.76036 3.37182 0.12928 4.2976
0.76080 45.65 0.76080 3.37192 0.12918 4.2941
0.76124 45.67 0.76124 3.37233 0.12878 4.2874
0.76167 45.70 0.76167 3.37314 0.12796 4.2766
0.76211 45.73 0.76211 3.37314 0.12796 4.2742
0.76255 45.75 0.76255 3.37223 0.12888 4.2811
0.76299 45.78 0.76299 3.37212 0.12898 4.2797
0.76343 45.81 0.76343 3.37161 0.12949 4.2824
0.76387 45.83 0.76387 3.37243 0.12868 4.2717
0.76431 45.86 0.76431 3.37202 0.12908 4.2733
0.76474 45.88 0.76474 3.37273 0.12837 4.2636
0.76518 45.91 0.76518 3.37212 0.12898 4.2674
0.76562 45.94 0.76562 3.37212 0.12898 4.2650
0.76606 45.96 0.76606 3.37162 0.12949 4.2676
0.76650 45.99 0.76650 3.37182 0.12928 4.2631
0.76694 46.02 0.76694 3.37172 0.12938 4.2617
0.76738 46.04 0.76738 3.37162 0.12949 4.2603
0.76781 46.07 0.76781 3.37162 0.12949 4.2579
0.76825 46.10 0.76825 3.37202 0.12908 4.2513
0.76869 46.12 0.76869 3.37233 0.12877 4.2458
0.76913 46.15 0.76913 3.37213 0.12898 4.2455
0.76957 46.17 0.76957 3.37202 0.12908 4.2441
0.77001 46.20 0.77001 3.37182 0.12928 4.2437
0.77044 46.23 0.77044 3.37223 0.12888 4.2372
0.77088 46.25 0.77088 3.37243 0.12867 4.2327
0.77132 46.28 0.77132 3.37243 0.12867 4.2303
0.77176 46.31 0.77176 3.37233 0.12877 4.2289
0.77220 46.33 0.77220 3.37223 0.12887 4.2276
0.77264 46.36 0.77264 3.37233 0.12877 4.2241
0.77307 46.38 0.77307 3.37233 0.12877 4.2218
0.77351 46.41 0.77351 3.37182 0.12928 4.2245
0.77395 46.44 0.77395 3.37172 0.12938 4.2231
0.77439 46.46 0.77439 3.37152 0.12959 4.2227
0.77483 46.49 0.77483 3.37162 0.12948 4.2193
0.77527 46.52 0.77527 3.37192 0.12918 4.2139
0.77571 46.54 0.77571 3.37223 0.12888 4.2085
0.77614 46.57 0.77614 3.37243 0.12867 4.2041
0.77658 46.60 0.77658 3.37202 0.12908 4.2057
0.77702 46.62 0.77702 3.37151 0.12959 4.2084
0.77746 46.65 0.77746 3.37141 0.12969 4.2071
0.77790 46.67 0.77790 3.37172 0.12939 4.2017
0.77834 46.70 0.77834 3.37182 0.12928 4.1983
0.77878 46.73 0.77878 3.37182 0.12928 4.1959
0.77921 46.75 0.77921 3.37192 0.12918 4.1926
0.77965 46.78 0.77965 3.37253 0.12857 4.1841
0.78009 46.81 0.78009 3.37233 0.12878 4.1838
0.78053 46.83 0.78053 3.37182 0.12929 4.1865
0.78097 46.86 0.78097 3.37161 0.12949 4.1862
0.78141 46.88 0.78141 3.37192 0.12918 4.1808
0.78185 46.91 0.78185 3.37233 0.12877 4.1744
0.78228 46.94 0.78228 3.37192 0.12918 4.1761
0.78272 46.96 0.78272 3.37162 0.12949 4.1768
0.78316 46.99 0.78316 3.37172 0.12939 4.1734
0.78360 47.02 0.78360 3.37263 0.12847 4.1620
0.78404 47.04 0.78404 3.37263 0.12847 4.1597
0.78448 47.07 0.78448 3.37233 0.12877 4.1604
0.78491 47.09 0.78491 3.37192 0.12918 4.1621
0.78535 47.12 0.78535 3.37152 0.12959 4.1638
0.78579 47.15 0.78579 3.37192 0.12918 4.1574
0.78623 47.17 0.78623 3.37162 0.12949 4.1581
0.78667 47.20 0.78667 3.37223 0.12888 4.1498
0.78711 47.23 0.78711 3.37192 0.12918 4.1505
0.78755 47.25 0.78755 3.37192 0.12918 4.1482
0.78798 47.28 0.78798 3.37192 0.12918 4.1459
0.78842 47.31 0.78842 3.37182 0.12928 4.1446
0.78886 47.33 0.78886 3.37182 0.12928 4.1423
245 
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Delta h (ft) (1/t)ln(H0/Ht)
0.78930 47.36 0.78930 3.37162 0.12949 4.1420
0.78974 47.38 0.78974 3.37182 0.12928 4.1377
0.79018 47.41 0.79018 3.37233 0.12877 4.1304
0.79062 47.44 0.79062 3.37274 0.12837 4.1241
0.79105 47.46 0.79105 3.37284 0.12827 4.1208
0.79149 47.49 0.79149 3.37212 0.12898 4.1255
0.79193 47.52 0.79193 3.37172 0.12939 4.1272
0.79237 47.54 0.79237 3.37172 0.12939 4.1249
0.79281 47.57 0.79281 3.37243 0.12867 4.1157
0.79325 47.59 0.79325 3.37274 0.12837 4.1104
0.79368 47.62 0.79368 3.37243 0.12867 4.1111
0.79412 47.65 0.79412 3.37182 0.12928 4.1148
0.79456 47.67 0.79456 3.37101 0.13010 4.1204
0.79500 47.70 0.79500 3.37060 0.13051 4.1221
0.79544 47.73 0.79544 3.37029 0.13081 4.1228
0.79588 47.75 0.79588 3.37070 0.13041 4.1166
0.79632 47.78 0.79632 3.37070 0.13041 4.1144
0.79675 47.81 0.79675 3.37100 0.13010 4.1091
0.79719 47.83 0.79719 3.37162 0.12949 4.1010
0.79763 47.86 0.79763 3.37152 0.12959 4.0997
0.79807 47.88 0.79807 3.37162 0.12949 4.0965
0.79851 47.91 0.79851 3.37090 0.13020 4.1011
0.79895 47.94 0.79895 3.37151 0.12959 4.0930
0.79939 47.96 0.79939 3.37162 0.12949 4.0897
0.79982 47.99 0.79982 3.37223 0.12888 4.0816
0.80026 48.02 0.80026 3.37213 0.12898 4.0803
0.80070 48.04 0.80070 3.37202 0.12908 4.0791
0.80114 48.07 0.80114 3.37162 0.12949 4.0808
0.80158 48.09 0.80158 3.37151 0.12959 4.0795
0.80202 48.12 0.80202 3.37121 0.12990 4.0802
0.80246 48.15 0.80246 3.37131 0.12979 4.0770
0.80289 48.17 0.80289 3.37131 0.12979 4.0748
0.80333 48.20 0.80333 3.37152 0.12959 4.0706
0.80377 48.23 0.80377 3.37121 0.12989 4.0713
0.80421 48.25 0.80421 3.37141 0.12969 4.0671
0.80465 48.28 0.80465 3.37131 0.12979 4.0659
0.80509 48.31 0.80509 3.37131 0.12979 4.0637
0.80552 48.33 0.80552 3.37100 0.13010 4.0644
0.80596 48.36 0.80596 3.37049 0.13061 4.0671
0.80640 48.38 0.80640 3.37059 0.13051 4.0639
0.80684 48.41 0.80684 3.37080 0.13030 4.0597
0.80728 48.44 0.80728 3.37070 0.13040 4.0585
0.80772 48.46 0.80772 3.37070 0.13040 4.0563
0.80816 48.49 0.80816 3.37060 0.13051 4.0550
0.80859 48.52 0.80859 3.37121 0.12990 4.0470
0.80903 48.54 0.80903 3.37131 0.12979 4.0439
0.80947 48.57 0.80947 3.37121 0.12990 4.0427
0.80991 48.59 0.80991 3.37121 0.12990 4.0405
0.81035 48.62 0.81035 3.37100 0.13010 4.0402
0.81079 48.65 0.81079 3.37070 0.13040 4.0409
0.81122 48.67 0.81122 3.37039 0.13071 4.0416
0.81166 48.70 0.81166 3.37039 0.13071 4.0394
0.81210 48.73 0.81210 3.37049 0.13061 4.0363
0.81254 48.75 0.81254 3.37060 0.13051 4.0332
0.81298 48.78 0.81298 3.37080 0.13030 4.0291
0.81342 48.81 0.81342 3.37111 0.13000 4.0240
0.81386 48.83 0.81386 3.37100 0.13010 4.0228
0.81429 48.86 0.81429 3.37100 0.13010 4.0206
0.81473 48.88 0.81473 3.37090 0.13020 4.0194
0.81517 48.91 0.81517 3.37110 0.13000 4.0154
0.81561 48.94 0.81561 3.37080 0.13031 4.0161
0.81605 48.96 0.81605 3.37121 0.12990 4.0101
0.81649 48.99 0.81649 3.37111 0.13000 4.0089
0.81693 49.02 0.81693 3.37131 0.12979 4.0048
0.81736 49.04 0.81736 3.37070 0.13041 4.0084
0.81780 49.07 0.81780 3.37100 0.13010 4.0034
0.81824 49.09 0.81824 3.37141 0.12969 3.9974
0.81868 49.12 0.81868 3.37213 0.12898 3.9885
0.81912 49.15 0.81912 3.37202 0.12908 3.9873
0.81956 49.17 0.81956 3.37151 0.12959 3.9900
0.81999 49.20 0.81999 3.37121 0.12989 3.9907
0.82043 49.23 0.82043 3.37090 0.13020 3.9915
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0.82087 49.25 0.82087 3.37080 0.13030 3.9903
0.82131 49.28 0.82131 3.37039 0.13071 3.9920
0.82175 49.30 0.82175 3.37029 0.13081 3.9908
0.82219 49.33 0.82219 3.37049 0.13061 3.9868
0.82263 49.36 0.82263 3.37080 0.13030 3.9818
0.82306 49.38 0.82306 3.37121 0.12990 3.9759
0.82350 49.41 0.82350 3.37151 0.12959 3.9709
0.82394 49.44 0.82394 3.37111 0.13000 3.9726
0.82438 49.46 0.82438 3.37121 0.12989 3.9695
0.82482 49.49 0.82482 3.37111 0.12999 3.9683
0.82526 49.52 0.82526 3.37192 0.12918 3.9586
0.82570 49.54 0.82570 3.37162 0.12949 3.9594
0.82613 49.57 0.82613 3.37162 0.12949 3.9573
0.82657 49.59 0.82657 3.37152 0.12959 3.9561
0.82701 49.62 0.82701 3.37192 0.12918 3.9502
0.82745 49.65 0.82745 3.37182 0.12928 3.9491
0.82789 49.67 0.82789 3.37162 0.12949 3.9489
0.82833 49.70 0.82833 3.37152 0.12959 3.9478
0.82876 49.73 0.82876 3.37121 0.12989 3.9485
0.82920 49.75 0.82920 3.37070 0.13040 3.9511
0.82964 49.78 0.82964 3.37049 0.13061 3.9510
0.83008 49.80 0.83008 3.37080 0.13030 3.9461
0.83052 49.83 0.83052 3.37110 0.13000 3.9412
0.83096 49.86 0.83096 3.37100 0.13010 3.9400
0.83140 49.88 0.83140 3.37100 0.13010 3.9379
0.83183 49.91 0.83183 3.37070 0.13040 3.9387
0.83227 49.94 0.83227 3.37080 0.13030 3.9357
0.83271 49.96 0.83271 3.37070 0.13041 3.9345
0.83315 49.99 0.83315 3.37090 0.13020 3.9306
0.83359 50.02 0.83359 3.37060 0.13051 3.9313
0.83403 50.04 0.83403 3.37070 0.13040 3.9283
0.83447 50.07 0.83447 3.37070 0.13040 3.9262
0.83490 50.09 0.83490 3.37060 0.13051 3.9251
0.83534 50.12 0.83534 3.37029 0.13081 3.9259
0.83578 50.15 0.83578 3.37019 0.13092 3.9248
0.83622 50.17 0.83622 3.37059 0.13051 3.9190
0.83666 50.20 0.83666 3.37100 0.13010 3.9132
0.83710 50.23 0.83710 3.37151 0.12959 3.9064
0.83754 50.25 0.83754 3.37162 0.12949 3.9034
0.83797 50.28 0.83797 3.37131 0.12979 3.9042
0.83841 50.30 0.83841 3.37080 0.13030 3.9068
0.83885 50.33 0.83885 3.37080 0.13030 3.9048
0.83929 50.36 0.83929 3.37090 0.13020 3.9018
0.83973 50.38 0.83973 3.37131 0.12979 3.8960
0.84017 50.41 0.84017 3.37121 0.12990 3.8950
0.84060 50.44 0.84060 3.37090 0.13020 3.8957
0.84104 50.46 0.84104 3.37080 0.13030 3.8946
0.84148 50.49 0.84148 3.37080 0.13030 3.8926
0.84192 50.52 0.84192 3.37110 0.13000 3.8878
0.84236 50.54 0.84236 3.37090 0.13020 3.8876
0.84280 50.57 0.84280 3.37070 0.13041 3.8875
0.84324 50.59 0.84324 3.37090 0.13020 3.8835
0.84367 50.62 0.84367 3.37080 0.13030 3.8825
0.84411 50.65 0.84411 3.37111 0.13000 3.8777
0.84455 50.67 0.84455 3.37090 0.13020 3.8775
0.84499 50.70 0.84499 3.37141 0.12969 3.8709
0.84543 50.73 0.84543 3.37131 0.12980 3.8698
0.84587 50.75 0.84587 3.37080 0.13030 3.8724
0.84630 50.78 0.84630 3.37070 0.13040 3.8713
0.84674 50.80 0.84674 3.37111 0.12999 3.8656
0.84718 50.83 0.84718 3.37131 0.12979 3.8617
0.84762 50.86 0.84762 3.37131 0.12979 3.8597
0.84806 50.88 0.84806 3.37080 0.13030 3.8624
0.84850 50.91 0.84850 3.37101 0.13010 3.8585
0.84894 50.94 0.84894 3.37029 0.13081 3.8630
0.84937 50.96 0.84937 3.37019 0.13091 3.8619
0.84981 50.99 0.84981 3.37019 0.13091 3.8599
0.85025 51.02 0.85025 3.37039 0.13071 3.8561
0.85069 51.04 0.85069 3.37090 0.13020 3.8495
0.85113 51.07 0.85113 3.37090 0.13020 3.8475
0.85157 51.09 0.85157 3.37050 0.13061 3.8492
0.85201 51.12 0.85201 3.36999 0.13112 3.8518
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0.85244 51.15 0.85244 3.37009 0.13102 3.8489
0.85288 51.17 0.85288 3.37100 0.13010 3.8387
0.85332 51.20 0.85332 3.37121 0.12990 3.8349
0.85376 51.23 0.85376 3.37121 0.12990 3.8329
0.85420 51.25 0.85420 3.37039 0.13071 3.8383
0.85464 51.28 0.85464 3.37029 0.13081 3.8372
0.85507 51.30 0.85507 3.37019 0.13091 3.8362
0.85551 51.33 0.85551 3.37060 0.13051 3.8306
0.85595 51.36 0.85595 3.37049 0.13061 3.8295
0.85639 51.38 0.85639 3.37100 0.13010 3.8230
0.85683 51.41 0.85683 3.37141 0.12969 3.8174
0.85727 51.44 0.85727 3.37121 0.12989 3.8172
0.85771 51.46 0.85771 3.37070 0.13040 3.8198
0.85814 51.49 0.85814 3.37029 0.13081 3.8216
0.85858 51.51 0.85858 3.37049 0.13061 3.8178
0.85902 51.54 0.85902 3.37049 0.13061 3.8158
0.85946 51.57 0.85946 3.37100 0.13010 3.8093
0.85990 51.59 0.85990 3.37080 0.13030 3.8092
0.86034 51.62 0.86034 3.37100 0.13010 3.8055
0.86078 51.65 0.86078 3.37111 0.13000 3.8026
0.86121 51.67 0.86121 3.37151 0.12959 3.7970
0.86165 51.70 0.86165 3.37131 0.12979 3.7969
0.86209 51.73 0.86209 3.37019 0.13091 3.8050
0.86253 51.75 0.86253 3.36948 0.13162 3.8093
0.86297 51.78 0.86297 3.36979 0.13132 3.8046
0.86341 51.80 0.86341 3.37050 0.13061 3.7964
0.86385 51.83 0.86385 3.37141 0.12969 3.7864
0.86428 51.86 0.86428 3.37121 0.12990 3.7863
0.86472 51.88 0.86472 3.37080 0.13030 3.7880
0.86516 51.91 0.86516 3.37080 0.13030 3.7860
0.86560 51.94 0.86560 3.37060 0.13051 3.7859
0.86604 51.96 0.86604 3.37100 0.13010 3.7804
0.86648 51.99 0.86648 3.37070 0.13041 3.7812
0.86691 52.01 0.86691 3.37100 0.13010 3.7766
0.86735 52.04 0.86735 3.37050 0.13061 3.7792
0.86779 52.07 0.86779 3.37070 0.13040 3.7755
0.86823 52.09 0.86823 3.37019 0.13091 3.7780
0.86867 52.12 0.86867 3.37039 0.13071 3.7743
0.86911 52.15 0.86911 3.37009 0.13102 3.7751
0.86955 52.17 0.86955 3.37049 0.13061 3.7697
0.86998 52.20 0.86998 3.37080 0.13031 3.7651
0.87042 52.23 0.87042 3.37039 0.13071 3.7668
0.87086 52.25 0.87086 3.37009 0.13102 3.7675
0.87130 52.28 0.87130 3.37009 0.13102 3.7656
0.87174 52.30 0.87174 3.37049 0.13061 3.7602
0.87218 52.33 0.87218 3.37029 0.13081 3.7601
0.87262 52.36 0.87262 3.36968 0.13142 3.7635
0.87305 52.38 0.87305 3.37019 0.13091 3.7572
0.87349 52.41 0.87349 3.37111 0.13000 3.7472
0.87393 52.44 0.87393 3.37162 0.12949 3.7409
0.87437 52.46 0.87437 3.37152 0.12959 3.7399
0.87481 52.49 0.87481 3.37090 0.13020 3.7434
0.87525 52.51 0.87525 3.37100 0.13010 3.7406
0.87568 52.54 0.87568 3.37019 0.13092 3.7459
0.87612 52.57 0.87612 3.37009 0.13102 3.7449
0.87656 52.59 0.87656 3.37009 0.13102 3.7430
0.87700 52.62 0.87700 3.37019 0.13091 3.7403
0.87744 52.65 0.87744 3.36988 0.13122 3.7411
0.87788 52.67 0.87788 3.36958 0.13152 3.7418
0.87832 52.70 0.87832 3.36999 0.13112 3.7364
0.87875 52.73 0.87875 3.37019 0.13091 3.7328
0.87919 52.75 0.87919 3.37019 0.13091 3.7309
0.87963 52.78 0.87963 3.37009 0.13102 3.7300
0.88007 52.80 0.88007 3.37019 0.13091 3.7272
0.88051 52.83 0.88051 3.37009 0.13102 3.7263
0.88095 52.86 0.88095 3.36988 0.13122 3.7262
0.88138 52.88 0.88138 3.37009 0.13102 3.7226
0.88182 52.91 0.88182 3.37070 0.13040 3.7154
0.88226 52.94 0.88226 3.37070 0.13040 3.7135
0.88270 52.96 0.88270 3.37039 0.13071 3.7143
0.88314 52.99 0.88314 3.36978 0.13132 3.7178
0.88358 53.01 0.88358 3.36988 0.13122 3.7151
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0.88402 53.04 0.88402 3.36958 0.13152 3.7158
0.88445 53.07 0.88445 3.36978 0.13132 3.7122
0.88489 53.09 0.88489 3.36948 0.13163 3.7130
0.88533 53.12 0.88533 3.36988 0.13122 3.7077
0.88577 53.15 0.88577 3.36978 0.13132 3.7067
0.88621 53.17 0.88621 3.37019 0.13091 3.7014
0.88665 53.20 0.88665 3.37039 0.13071 3.6978
0.88709 53.23 0.88709 3.37029 0.13081 3.6969
0.88752 53.25 0.88752 3.37009 0.13102 3.6968
0.88796 53.28 0.88796 3.36958 0.13153 3.6994
0.88840 53.30 0.88840 3.37060 0.13051 3.6888
0.88884 53.33 0.88884 3.37039 0.13071 3.6887
0.88928 53.36 0.88928 3.37060 0.13051 3.6851
0.88972 53.38 0.88972 3.36937 0.13173 3.6938
0.89015 53.41 0.89015 3.36948 0.13163 3.6911
0.89059 53.44 0.89059 3.36938 0.13173 3.6901
0.89103 53.46 0.89103 3.36958 0.13152 3.6866
0.89147 53.49 0.89147 3.36988 0.13122 3.6822
0.89191 53.51 0.89191 3.37029 0.13081 3.6769
0.89235 53.54 0.89235 3.37039 0.13071 3.6742
0.89279 53.57 0.89279 3.36989 0.13122 3.6767
0.89322 53.59 0.89322 3.36948 0.13162 3.6784
0.89366 53.62 0.89366 3.36948 0.13162 3.6766
0.89410 53.65 0.89410 3.36999 0.13112 3.6705
0.89454 53.67 0.89454 3.37019 0.13091 3.6669
0.89498 53.70 0.89498 3.36927 0.13183 3.6729
0.89542 53.73 0.89542 3.36948 0.13163 3.6694
0.89586 53.75 0.89586 3.36937 0.13173 3.6685
0.89629 53.78 0.89629 3.37019 0.13092 3.6598
0.89673 53.80 0.89673 3.36978 0.13132 3.6614
0.89717 53.83 0.89717 3.36998 0.13112 3.6579
0.89761 53.86 0.89761 3.37029 0.13081 3.6535
0.89805 53.88 0.89805 3.37070 0.13041 3.6483
0.89849 53.91 0.89849 3.37049 0.13061 3.6482
0.89893 53.94 0.89893 3.37029 0.13081 3.6482
0.89936 53.96 0.89936 3.36999 0.13112 3.6490
0.89980 53.99 0.89980 3.37039 0.13071 3.6438
0.90024 54.01 0.90024 3.37019 0.13091 3.6437
0.90068 54.04 0.90068 3.37029 0.13081 3.6411
0.90112 54.07 0.90112 3.36968 0.13142 3.6445
0.90156 54.09 0.90156 3.36998 0.13112 3.6401
0.90199 54.12 0.90199 3.36978 0.13132 3.6401
0.90243 54.15 0.90243 3.37029 0.13081 3.6340
0.90287 54.17 0.90287 3.36988 0.13122 3.6357
0.90331 54.20 0.90331 3.36999 0.13112 3.6330
0.90375 54.22 0.90375 3.36958 0.13152 3.6347
0.90419 54.25 0.90419 3.37040 0.13071 3.6261
0.90463 54.28 0.90463 3.37040 0.13071 3.6243
0.90506 54.30 0.90506 3.37101 0.13010 3.6174
0.90550 54.33 0.90550 3.37009 0.13101 3.6234
0.90594 54.36 0.90594 3.37070 0.13040 3.6165
0.90638 54.38 0.90638 3.37029 0.13081 3.6182
0.90682 54.41 0.90682 3.37039 0.13071 3.6156
0.90726 54.44 0.90726 3.36988 0.13122 3.6181
0.90770 54.46 0.90770 3.36978 0.13132 3.6172
0.90813 54.49 0.90813 3.36978 0.13132 3.6155
0.90857 54.51 0.90857 3.36978 0.13132 3.6137
0.90901 54.54 0.90901 3.36988 0.13122 3.6111
0.90945 54.57 0.90945 3.37009 0.13102 3.6077
0.90989 54.59 0.90989 3.37039 0.13071 3.6034
0.91033 54.62 0.91033 3.37080 0.13030 3.5982
0.91076 54.65 0.91076 3.37060 0.13051 3.5982
0.91120 54.67 0.91120 3.37029 0.13081 3.5990
0.91164 54.70 0.91164 3.36958 0.13153 3.6033
0.91208 54.72 0.91208 3.36937 0.13173 3.6032
0.91252 54.75 0.91252 3.36948 0.13163 3.6006
0.91296 54.78 0.91296 3.36968 0.13142 3.5972
0.91340 54.80 0.91340 3.37009 0.13102 3.5921
0.91383 54.83 0.91383 3.36978 0.13132 3.5929
0.91427 54.86 0.91427 3.36958 0.13153 3.5929
0.91471 54.88 0.91471 3.36978 0.13132 3.5895
0.91515 54.91 0.91515 3.36958 0.13153 3.5895
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0.91559 54.94 0.91559 3.37029 0.13081 3.5818
0.91603 54.96 0.91603 3.36978 0.13132 3.5843
0.91646 54.99 0.91646 3.37019 0.13091 3.5792
0.91690 55.01 0.91690 3.36968 0.13142 3.5817
0.91734 55.04 0.91734 3.37029 0.13081 3.5749
0.91778 55.07 0.91778 3.37029 0.13081 3.5732
0.91822 55.09 0.91822 3.36988 0.13122 3.5749
0.91866 55.12 0.91866 3.36978 0.13132 3.5741
0.91910 55.15 0.91910 3.36988 0.13122 3.5715
0.91953 55.17 0.91953 3.37029 0.13081 3.5664
0.91997 55.20 0.91997 3.36988 0.13122 3.5681
0.92041 55.22 0.92041 3.36978 0.13132 3.5672
0.92085 55.25 0.92085 3.36968 0.13142 3.5664
0.92129 55.28 0.92129 3.37009 0.13102 3.5613
0.92173 55.30 0.92173 3.36988 0.13122 3.5613
0.92217 55.33 0.92217 3.36978 0.13132 3.5605
0.92260 55.36 0.92260 3.36968 0.13142 3.5596
0.92304 55.38 0.92304 3.36938 0.13173 3.5604
0.92348 55.41 0.92348 3.36958 0.13152 3.5570
0.92392 55.44 0.92392 3.36958 0.13152 3.5554
0.92436 55.46 0.92436 3.36958 0.13152 3.5537
0.92480 55.49 0.92480 3.36989 0.13122 3.5495
0.92523 55.51 0.92523 3.36989 0.13122 3.5478
0.92567 55.54 0.92567 3.36999 0.13112 3.5453
0.92611 55.57 0.92611 3.36958 0.13152 3.5469
0.92655 55.59 0.92655 3.36958 0.13152 3.5453
0.92699 55.62 0.92699 3.37009 0.13101 3.5394
0.92743 55.65 0.92743 3.37009 0.13101 3.5377
0.92787 55.67 0.92787 3.36948 0.13163 3.5411
0.92830 55.70 0.92830 3.36937 0.13173 3.5403
0.92874 55.72 0.92874 3.36988 0.13122 3.5344
0.92918 55.75 0.92918 3.37049 0.13061 3.5277
0.92962 55.78 0.92962 3.37029 0.13081 3.5277
0.93006 55.80 0.93006 3.36988 0.13122 3.5294
0.93050 55.83 0.93050 3.36978 0.13132 3.5286
0.93094 55.86 0.93094 3.36968 0.13142 3.5277
0.93137 55.88 0.93137 3.36988 0.13122 3.5244
0.93181 55.91 0.93181 3.36948 0.13163 3.5261
0.93225 55.94 0.93225 3.36978 0.13132 3.5219
0.93269 55.96 0.93269 3.36968 0.13142 3.5211
0.93313 55.99 0.93313 3.36988 0.13122 3.5178
0.93357 56.01 0.93357 3.36999 0.13112 3.5153
0.93401 56.04 0.93401 3.36937 0.13173 3.5186
0.93444 56.07 0.93444 3.36907 0.13204 3.5195
0.93488 56.09 0.93488 3.36907 0.13204 3.5178
0.93532 56.12 0.93532 3.36968 0.13142 3.5112
0.93576 56.15 0.93576 3.37019 0.13091 3.5054
0.93620 56.17 0.93620 3.36927 0.13183 3.5112
0.93664 56.20 0.93664 3.36917 0.13193 3.5104
0.93707 56.22 0.93707 3.36907 0.13203 3.5096
0.93751 56.25 0.93751 3.36958 0.13152 3.5038
0.93795 56.28 0.93795 3.36958 0.13152 3.5022
0.93839 56.30 0.93839 3.36948 0.13163 3.5014
0.93883 56.33 0.93883 3.36958 0.13153 3.4989
0.93927 56.36 0.93927 3.36948 0.13163 3.4981
0.93970 56.38 0.93970 3.36958 0.13152 3.4956
0.94014 56.41 0.94014 3.36978 0.13132 3.4923
0.94058 56.43 0.94058 3.36999 0.13112 3.4891
0.94102 56.46 0.94102 3.36988 0.13122 3.4883
0.94146 56.49 0.94146 3.36999 0.13112 3.4858
0.94190 56.51 0.94190 3.36988 0.13122 3.4850
0.94234 56.54 0.94234 3.36958 0.13153 3.4859
0.94277 56.57 0.94277 3.36897 0.13214 3.4892
0.94321 56.59 0.94321 3.36887 0.13224 3.4884
0.94365 56.62 0.94365 3.36907 0.13203 3.4851
0.94409 56.65 0.94409 3.36917 0.13193 3.4827
0.94453 56.67 0.94453 3.36927 0.13183 3.4802
0.94497 56.70 0.94497 3.36948 0.13163 3.4770
0.94541 56.72 0.94541 3.36948 0.13163 3.4754
0.94584 56.75 0.94584 3.36978 0.13132 3.4713
0.94628 56.78 0.94628 3.36958 0.13152 3.4713
0.94672 56.80 0.94672 3.36999 0.13112 3.4665
250 
Time 
(min) 
Time 
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Cumulative 
Delta Time(min)
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(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht)
0.94716 56.83 0.94716 3.36938 0.13173 3.4697
0.94760 56.86 0.94760 3.36948 0.13163 3.4673
0.94804 56.88 0.94804 3.36948 0.13163 3.4657
0.94848 56.91 0.94848 3.36968 0.13142 3.4625
0.94891 56.93 0.94891 3.36948 0.13163 3.4625
0.94935 56.96 0.94935 3.36876 0.13234 3.4666
0.94979 56.99 0.94979 3.36856 0.13254 3.4666
0.95023 57.01 0.95023 3.36897 0.13214 3.4618
0.95067 57.04 0.95067 3.36917 0.13193 3.4586
0.95111 57.07 0.95111 3.36897 0.13214 3.4586
0.95154 57.09 0.95154 3.36846 0.13265 3.4611
0.95198 57.12 0.95198 3.36896 0.13214 3.4555
0.95242 57.15 0.95242 3.36947 0.13163 3.4498
0.95286 57.17 0.95286 3.36988 0.13122 3.4449
0.95330 57.20 0.95330 3.36948 0.13163 3.4466
0.95374 57.22 0.95374 3.36917 0.13193 3.4474
0.95418 57.25 0.95418 3.36938 0.13173 3.4442
0.95461 57.28 0.95461 3.36928 0.13183 3.4434
0.95505 57.30 0.95505 3.36877 0.13234 3.4459
0.95549 57.33 0.95549 3.36836 0.13274 3.4475
0.95593 57.36 0.95593 3.36785 0.13325 3.4500
0.95637 57.38 0.95637 3.36826 0.13285 3.4452
0.95681 57.41 0.95681 3.36876 0.13234 3.4396
0.95725 57.43 0.95725 3.36958 0.13153 3.4316
0.95768 57.46 0.95768 3.36998 0.13112 3.4268
0.95812 57.49 0.95812 3.36978 0.13132 3.4268
0.95856 57.51 0.95856 3.36988 0.13122 3.4245
0.95900 57.54 0.95900 3.36948 0.13163 3.4261
0.95944 57.57 0.95944 3.36927 0.13183 3.4262
0.95988 57.59 0.95988 3.36866 0.13244 3.4294
0.96031 57.62 0.96031 3.36897 0.13214 3.4255
0.96075 57.65 0.96075 3.36876 0.13234 3.4255
0.96119 57.67 0.96119 3.36887 0.13224 3.4231
0.96163 57.70 0.96163 3.36856 0.13254 3.4240
0.96207 57.72 0.96207 3.36866 0.13244 3.4216
0.96251 57.75 0.96251 3.36917 0.13193 3.4160
0.96295 57.78 0.96295 3.36928 0.13183 3.4137
0.96338 57.80 0.96338 3.36917 0.13193 3.4129
0.96382 57.83 0.96382 3.36887 0.13224 3.4138
0.96426 57.86 0.96426 3.36856 0.13254 3.4146
0.96470 57.88 0.96470 3.36876 0.13234 3.4115
0.96514 57.91 0.96514 3.36856 0.13254 3.4115
0.96558 57.93 0.96558 3.36876 0.13234 3.4084
0.96602 57.96 0.96602 3.36846 0.13265 3.4092
0.96645 57.99 0.96645 3.36835 0.13275 3.4085
0.96689 58.01 0.96689 3.36876 0.13234 3.4038
0.96733 58.04 0.96733 3.36927 0.13183 3.3982
0.96777 58.07 0.96777 3.36968 0.13142 3.3935
0.96821 58.09 0.96821 3.36978 0.13132 3.3911
0.96865 58.12 0.96865 3.36958 0.13152 3.3912
0.96909 58.15 0.96909 3.36958 0.13152 3.3897
0.96952 58.17 0.96952 3.36907 0.13203 3.3921
0.96996 58.20 0.96996 3.36907 0.13203 3.3906
0.97040 58.22 0.97040 3.36948 0.13163 3.3859
0.97084 58.25 0.97084 3.37009 0.13102 3.3796
0.97128 58.28 0.97128 3.37009 0.13102 3.3780
0.97172 58.30 0.97172 3.36927 0.13183 3.3829
0.97215 58.33 0.97215 3.36876 0.13234 3.3853
0.97259 58.36 0.97259 3.36948 0.13163 3.3782
0.97303 58.38 0.97303 3.36958 0.13152 3.3759
0.97347 58.41 0.97347 3.36988 0.13122 3.3720
0.97391 58.43 0.97391 3.36886 0.13224 3.3784
0.97435 58.46 0.97435 3.36897 0.13214 3.3761
0.97478 58.49 0.97478 3.36876 0.13234 3.3762
0.97522 58.51 0.97522 3.36887 0.13224 3.3739
0.97566 58.54 0.97566 3.36907 0.13203 3.3708
0.97610 58.57 0.97610 3.36927 0.13183 3.3677
0.97654 58.59 0.97654 3.36938 0.13173 3.3654
0.97698 58.62 0.97698 3.36938 0.13173 3.3638
0.97742 58.64 0.97742 3.36907 0.13203 3.3647
0.97785 58.67 0.97785 3.36958 0.13152 3.3593
0.97829 58.70 0.97829 3.36917 0.13193 3.3609
251 
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Delta h (ft) (1/t)ln(H0/Ht)
0.97873 58.72 0.97873 3.36907 0.13204 3.3602
0.97917 58.75 0.97917 3.36897 0.13214 3.3595
0.97961 58.78 0.97961 3.36887 0.13224 3.3588
0.98005 58.80 0.98005 3.36907 0.13203 3.3557
0.98049 58.83 0.98049 3.36948 0.13163 3.3510
0.98092 58.86 0.98092 3.36988 0.13122 3.3464
0.98136 58.88 0.98136 3.36988 0.13122 3.3449
0.98180 58.91 0.98180 3.36907 0.13203 3.3497
0.98224 58.93 0.98224 3.36907 0.13203 3.3482
0.98268 58.96 0.98268 3.36927 0.13183 3.3451
0.98312 58.99 0.98312 3.36907 0.13204 3.3452
0.98356 59.01 0.98356 3.36907 0.13204 3.3437
0.98399 59.04 0.98399 3.36907 0.13204 3.3423
0.98443 59.07 0.98443 3.36937 0.13173 3.3384
0.98487 59.09 0.98487 3.36917 0.13193 3.3385
0.98531 59.12 0.98531 3.36897 0.13214 3.3386
0.98575 59.14 0.98575 3.36846 0.13265 3.3410
0.98619 59.17 0.98619 3.36866 0.13244 3.3379
0.98662 59.20 0.98662 3.36825 0.13285 3.3396
0.98706 59.22 0.98706 3.36876 0.13234 3.3342
0.98750 59.25 0.98750 3.36907 0.13203 3.3304
0.98794 59.28 0.98794 3.36948 0.13163 3.3258
0.98838 59.30 0.98838 3.36897 0.13214 3.3282
0.98882 59.33 0.98882 3.36866 0.13244 3.3291
0.98926 59.36 0.98926 3.36876 0.13234 3.3268
0.98969 59.38 0.98969 3.36927 0.13183 3.3214
0.99013 59.41 0.99013 3.36887 0.13224 3.3231
0.99057 59.43 0.99057 3.36897 0.13214 3.3208
0.99101 59.46 0.99101 3.36897 0.13214 3.3194
0.99145 59.49 0.99145 3.36927 0.13183 3.3155
0.99189 59.51 0.99189 3.36907 0.13203 3.3156
0.99233 59.54 0.99233 3.36876 0.13234 3.3165
0.99276 59.57 0.99276 3.36846 0.13265 3.3174
0.99320 59.59 0.99320 3.36846 0.13265 3.3159
0.99364 59.62 0.99364 3.36846 0.13265 3.3144
0.99408 59.64 0.99408 3.36897 0.13214 3.3091
0.99452 59.67 0.99452 3.36907 0.13203 3.3069
0.99496 59.70 0.99496 3.36907 0.13203 3.3054
0.99539 59.72 0.99539 3.36866 0.13244 3.3071
0.99583 59.75 0.99583 3.36856 0.13255 3.3064
0.99627 59.78 0.99627 3.36835 0.13275 3.3065
0.99671 59.80 0.99671 3.36835 0.13275 3.3050
0.99715 59.83 0.99715 3.36825 0.13285 3.3043
0.99759 59.86 0.99759 3.36887 0.13224 3.2982
0.99803 59.88 0.99803 3.36938 0.13173 3.2929
0.99846 59.91 0.99846 3.36938 0.13173 3.2915
0.99890 59.93 0.99890 3.36897 0.13214 3.2931
0.99934 59.96 0.99934 3.36836 0.13275 3.2963
0.99978 59.99 0.99978 3.36866 0.13244 3.2926
1.00022 60.01 1.00022 3.36876 0.13234 3.2903
1.00066 60.04 1.00066 3.36876 0.13234 3.2889
1.00110 60.07 1.00110 3.36815 0.13295 3.2920
1.00153 60.09 1.00153 3.36805 0.13305 3.2914
1.00197 60.12 1.00197 3.36846 0.13265 3.2869
1.00241 60.14 1.00241 3.36866 0.13244 3.2839
1.00285 60.17 1.00285 3.36866 0.13244 3.2825
1.00329 60.20 1.00329 3.36825 0.13285 3.2841
1.00373 60.22 1.00373 3.36805 0.13305 3.2842
1.00417 60.25 1.00417 3.36785 0.13326 3.2843
1.00460 60.28 1.00460 3.36825 0.13285 3.2798
1.00504 60.30 1.00504 3.36856 0.13254 3.2761
1.00548 60.33 1.00548 3.36907 0.13203 3.2708
1.00592 60.36 1.00592 3.36887 0.13224 3.2709
1.00636 60.38 1.00636 3.36866 0.13244 3.2710
1.00680 60.41 1.00680 3.36856 0.13254 3.2704
1.00723 60.43 1.00723 3.36856 0.13254 3.2689
1.00767 60.46 1.00767 3.36866 0.13244 3.2667
1.00811 60.49 1.00811 3.36846 0.13265 3.2669
1.00855 60.51 1.00855 3.36866 0.13244 3.2639
1.00899 60.54 1.00899 3.36856 0.13255 3.2633
1.00943 60.57 1.00943 3.36886 0.13224 3.2596
1.00987 60.59 1.00987 3.36856 0.13255 3.2604
252 
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1.01030 60.62 1.01030 3.36917 0.13193 3.2544
1.01074 60.64 1.01074 3.36886 0.13224 3.2553
1.01118 60.67 1.01118 3.36917 0.13193 3.2516
1.01162 60.70 1.01162 3.36856 0.13255 3.2548
1.01206 60.72 1.01206 3.36856 0.13255 3.2534
1.01250 60.75 1.01250 3.36856 0.13255 3.2520
1.01293 60.78 1.01293 3.36917 0.13193 3.2460
1.01337 60.80 1.01337 3.36948 0.13163 3.2423
1.01381 60.83 1.01381 3.36938 0.13173 3.2416
1.01425 60.86 1.01425 3.36887 0.13224 3.2440
1.01469 60.88 1.01469 3.36846 0.13264 3.2457
1.01513 60.91 1.01513 3.36846 0.13264 3.2443
1.01557 60.93 1.01557 3.36846 0.13264 3.2429
1.01600 60.96 1.01600 3.36866 0.13244 3.2400
1.01644 60.99 1.01644 3.36846 0.13265 3.2401
1.01688 61.01 1.01688 3.36927 0.13183 3.2326
1.01732 61.04 1.01732 3.36958 0.13153 3.2290
1.01776 61.07 1.01776 3.36978 0.13132 3.2260
1.01820 61.09 1.01820 3.36877 0.13234 3.2322
1.01864 61.12 1.01864 3.36856 0.13254 3.2323
1.01907 61.14 1.01907 3.36836 0.13275 3.2325
1.01951 61.17 1.01951 3.36846 0.13265 3.2303
1.01995 61.20 1.01995 3.36835 0.13275 3.2297
1.02039 61.22 1.02039 3.36846 0.13265 3.2276
1.02083 61.25 1.02083 3.36846 0.13265 3.2262
1.02127 61.28 1.02127 3.36835 0.13275 3.2255
1.02170 61.30 1.02170 3.36835 0.13275 3.2242
1.02214 61.33 1.02214 3.36897 0.13214 3.2183
1.02258 61.35 1.02258 3.36866 0.13244 3.2191
1.02302 61.38 1.02302 3.36836 0.13275 3.2200
1.02346 61.41 1.02346 3.36795 0.13315 3.2216
1.02390 61.43 1.02390 3.36805 0.13305 3.2195
1.02434 61.46 1.02434 3.36805 0.13305 3.2181
1.02477 61.49 1.02477 3.36784 0.13326 3.2182
1.02521 61.51 1.02521 3.36856 0.13255 3.2116
1.02565 61.54 1.02565 3.36917 0.13193 3.2057
1.02609 61.57 1.02609 3.36968 0.13142 3.2006
1.02653 61.59 1.02653 3.36917 0.13193 3.2030
1.02697 61.62 1.02697 3.36866 0.13244 3.2054
1.02741 61.64 1.02741 3.36815 0.13295 3.2078
1.02784 61.67 1.02784 3.36805 0.13305 3.2071
1.02828 61.70 1.02828 3.36825 0.13285 3.2043
1.02872 61.72 1.02872 3.36795 0.13315 3.2051
1.02916 61.75 1.02916 3.36815 0.13295 3.2023
1.02960 61.78 1.02960 3.36815 0.13295 3.2009
1.03004 61.80 1.03004 3.36856 0.13254 3.1966
1.03047 61.83 1.03047 3.36846 0.13265 3.1960
1.03091 61.85 1.03091 3.36856 0.13254 3.1939
1.03135 61.88 1.03135 3.36876 0.13234 3.1910
1.03179 61.91 1.03179 3.36805 0.13305 3.1949
1.03223 61.93 1.03223 3.36764 0.13346 3.1965
1.03267 61.96 1.03267 3.36723 0.13387 3.1981
1.03311 61.99 1.03311 3.36815 0.13295 3.1900
1.03354 62.01 1.03354 3.36866 0.13244 3.1850
1.03398 62.04 1.03398 3.36846 0.13264 3.1851
1.03442 62.07 1.03442 3.36866 0.13244 3.1823
1.03486 62.09 1.03486 3.36805 0.13305 3.1854
1.03530 62.12 1.03530 3.36826 0.13285 3.1825
1.03574 62.14 1.03574 3.36775 0.13336 3.1849
1.03618 62.17 1.03618 3.36785 0.13326 3.1828
1.03661 62.20 1.03661 3.36815 0.13295 3.1792
1.03705 62.22 1.03705 3.36846 0.13264 3.1757
1.03749 62.25 1.03749 3.36897 0.13213 3.1706
1.03793 62.28 1.03793 3.36856 0.13254 3.1723
1.03837 62.30 1.03837 3.36835 0.13275 3.1724
1.03881 62.33 1.03881 3.36856 0.13255 3.1696
1.03925 62.35 1.03925 3.36846 0.13265 3.1690
1.03968 62.38 1.03968 3.36836 0.13275 3.1684
1.04012 62.41 1.04012 3.36764 0.13346 3.1722
1.04056 62.43 1.04056 3.36795 0.13316 3.1687
1.04100 62.46 1.04100 3.36815 0.13295 3.1659
1.04144 62.49 1.04144 3.36876 0.13234 3.1601
253 
Time 
(min) 
Time 
(sec) 
Cumulative 
Delta Time(min)
Depth 
(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht)
1.04188 62.51 1.04188 3.36836 0.13275 3.1617
1.04231 62.54 1.04231 3.36815 0.13295 3.1619
1.04275 62.57 1.04275 3.36764 0.13346 3.1642
1.04319 62.59 1.04319 3.36805 0.13305 3.1599
1.04363 62.62 1.04363 3.36795 0.13316 3.1594
1.04407 62.64 1.04407 3.36846 0.13265 3.1544
1.04451 62.67 1.04451 3.36825 0.13285 3.1545
1.04495 62.70 1.04495 3.36825 0.13285 3.1532
1.04538 62.72 1.04538 3.36815 0.13295 3.1526
1.04582 62.75 1.04582 3.36825 0.13285 3.1505
1.04626 62.78 1.04626 3.36856 0.13254 3.1470
1.04670 62.80 1.04670 3.36856 0.13254 3.1457
1.04714 62.83 1.04714 3.36907 0.13203 3.1407
1.04758 62.85 1.04758 3.36907 0.13203 3.1394
1.04801 62.88 1.04801 3.36907 0.13203 3.1381
1.04845 62.91 1.04845 3.36846 0.13265 3.1412
1.04889 62.93 1.04889 3.36835 0.13275 3.1406
1.04933 62.96 1.04933 3.36795 0.13316 3.1422
1.04977 62.99 1.04977 3.36815 0.13295 3.1394
1.05021 63.01 1.05021 3.36795 0.13316 3.1396
1.05065 63.04 1.05065 3.36815 0.13295 3.1368
1.05108 63.07 1.05108 3.36795 0.13316 3.1370
1.05152 63.09 1.05152 3.36764 0.13346 3.1378
1.05196 63.12 1.05196 3.36754 0.13356 3.1372
1.05240 63.14 1.05240 3.36744 0.13366 3.1366
1.05284 63.17 1.05284 3.36785 0.13326 3.1324
1.05328 63.20 1.05328 3.36775 0.13336 3.1318
1.05372 63.22 1.05372 3.36744 0.13366 3.1327
1.05415 63.25 1.05415 3.36775 0.13336 3.1292
1.05459 63.28 1.05459 3.36775 0.13336 3.1279
1.05503 63.30 1.05503 3.36795 0.13315 3.1252
1.05547 63.33 1.05547 3.36774 0.13336 3.1254
1.05591 63.35 1.05591 3.36784 0.13326 3.1234
1.05635 63.38 1.05635 3.36856 0.13255 3.1170
1.05678 63.41 1.05678 3.36866 0.13244 3.1149
1.05722 63.43 1.05722 3.36856 0.13254 3.1144
1.05766 63.46 1.05766 3.36815 0.13295 3.1160
1.05810 63.49 1.05810 3.36764 0.13346 3.1183
1.05854 63.51 1.05854 3.36785 0.13326 3.1156
1.05898 63.54 1.05898 3.36795 0.13316 3.1136
1.05942 63.56 1.05942 3.36815 0.13295 3.1108
1.05985 63.59 1.05985 3.36825 0.13285 3.1088
1.06029 63.62 1.06029 3.36785 0.13326 3.1104
1.06073 63.64 1.06073 3.36805 0.13305 3.1077
1.06117 63.67 1.06117 3.36764 0.13346 3.1093
1.06161 63.70 1.06161 3.36805 0.13306 3.1051
1.06205 63.72 1.06205 3.36805 0.13306 3.1039
1.06249 63.75 1.06249 3.36825 0.13285 3.1011
1.06292 63.78 1.06292 3.36815 0.13295 3.1006
1.06336 63.80 1.06336 3.36825 0.13285 3.0986
1.06380 63.83 1.06380 3.36795 0.13315 3.0994
1.06424 63.85 1.06424 3.36785 0.13326 3.0989
1.06468 63.88 1.06468 3.36815 0.13295 3.0954
1.06512 63.91 1.06512 3.36795 0.13315 3.0956
1.06556 63.93 1.06556 3.36785 0.13325 3.0950
1.06599 63.96 1.06599 3.36714 0.13397 3.0988
1.06643 63.99 1.06643 3.36744 0.13366 3.0954
1.06687 64.01 1.06687 3.36815 0.13295 3.0891
1.06731 64.04 1.06731 3.36805 0.13305 3.0885
1.06775 64.06 1.06775 3.36846 0.13264 3.0844
1.06819 64.09 1.06819 3.36785 0.13326 3.0874
1.06862 64.12 1.06862 3.36795 0.13315 3.0854
1.06906 64.14 1.06906 3.36734 0.13377 3.0885
1.06950 64.17 1.06950 3.36754 0.13356 3.0858
1.06994 64.20 1.06994 3.36795 0.13316 3.0817
1.07038 64.22 1.07038 3.36825 0.13285 3.0783
1.07082 64.25 1.07082 3.36825 0.13285 3.0770
1.07126 64.28 1.07126 3.36774 0.13336 3.0793
1.07169 64.30 1.07169 3.36703 0.13407 3.0830
1.07213 64.33 1.07213 3.36662 0.13448 3.0846
1.07257 64.35 1.07257 3.36683 0.13428 3.0819
1.07301 64.38 1.07301 3.36693 0.13418 3.0800
254 
Time 
(min) 
Time 
(sec) 
Cumulative 
Delta Time(min)
Depth 
(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht)
1.07345 64.41 1.07345 3.36683 0.13428 3.0794
1.07389 64.43 1.07389 3.36673 0.13438 3.0788
1.07433 64.46 1.07433 3.36765 0.13346 3.0712
1.07476 64.49 1.07476 3.36775 0.13336 3.0692
1.07520 64.51 1.07520 3.36764 0.13346 3.0687
1.07564 64.54 1.07564 3.36764 0.13346 3.0675
1.07608 64.56 1.07608 3.36775 0.13336 3.0655
1.07652 64.59 1.07652 3.36795 0.13315 3.0628
1.07696 64.62 1.07696 3.36754 0.13356 3.0644
1.07739 64.64 1.07739 3.36734 0.13377 3.0646
1.07783 64.67 1.07783 3.36744 0.13366 3.0626
1.07827 64.70 1.07827 3.36764 0.13346 3.0600
1.07871 64.72 1.07871 3.36825 0.13285 3.0545
1.07915 64.75 1.07915 3.36815 0.13295 3.0540
1.07959 64.78 1.07959 3.36744 0.13367 3.0577
1.08003 64.80 1.08003 3.36683 0.13428 3.0606
1.08046 64.83 1.08046 3.36703 0.13407 3.0580
1.08090 64.85 1.08090 3.36734 0.13377 3.0546
1.08134 64.88 1.08134 3.36805 0.13305 3.0485
1.08178 64.91 1.08178 3.36815 0.13295 3.0465
1.08222 64.93 1.08222 3.36826 0.13285 3.0446
1.08266 64.96 1.08266 3.36775 0.13336 3.0469
1.08309 64.99 1.08309 3.36724 0.13387 3.0492
1.08353 65.01 1.08353 3.36744 0.13366 3.0465
1.08397 65.04 1.08397 3.36754 0.13356 3.0446
1.08441 65.06 1.08441 3.36795 0.13316 3.0405
1.08485 65.09 1.08485 3.36795 0.13316 3.0393
1.08529 65.12 1.08529 3.36764 0.13346 3.0402
1.08573 65.14 1.08573 3.36754 0.13356 3.0397
1.08616 65.17 1.08616 3.36703 0.13407 3.0419
1.08660 65.20 1.08660 3.36713 0.13397 3.0400
1.08704 65.22 1.08704 3.36703 0.13407 3.0395
1.08748 65.25 1.08748 3.36774 0.13336 3.0334
1.08792 65.28 1.08792 3.36836 0.13275 3.0279
1.08836 65.30 1.08836 3.36877 0.13234 3.0238
1.08880 65.33 1.08880 3.36826 0.13285 3.0262
1.08923 65.35 1.08923 3.36805 0.13305 3.0264
1.08967 65.38 1.08967 3.36703 0.13407 3.0322
1.09011 65.41 1.09011 3.36744 0.13367 3.0282
1.09055 65.43 1.09055 3.36713 0.13397 3.0290
1.09099 65.46 1.09099 3.36744 0.13366 3.0257
1.09143 65.49 1.09143 3.36714 0.13397 3.0266
1.09186 65.51 1.09186 3.36765 0.13346 3.0219
1.09230 65.54 1.09230 3.36795 0.13315 3.0186
1.09274 65.56 1.09274 3.36805 0.13305 3.0167
1.09318 65.59 1.09318 3.36764 0.13346 3.0183
1.09362 65.62 1.09362 3.36744 0.13367 3.0184
1.09406 65.64 1.09406 3.36723 0.13387 3.0186
1.09450 65.67 1.09450 3.36713 0.13397 3.0181
1.09493 65.70 1.09493 3.36713 0.13397 3.0169
1.09537 65.72 1.09537 3.36693 0.13417 3.0171
1.09581 65.75 1.09581 3.36703 0.13407 3.0152
1.09625 65.77 1.09625 3.36754 0.13356 3.0105
1.09669 65.80 1.09669 3.36805 0.13305 3.0058
1.09713 65.83 1.09713 3.36775 0.13336 3.0067
1.09757 65.85 1.09757 3.36714 0.13397 3.0096
1.09800 65.88 1.09800 3.36744 0.13366 3.0063
1.09844 65.91 1.09844 3.36795 0.13315 3.0017
1.09888 65.93 1.09888 3.36815 0.13295 2.9991
1.09932 65.96 1.09932 3.36754 0.13356 3.0021
1.09976 65.99 1.09976 3.36713 0.13397 3.0037
1.10020 66.01 1.10020 3.36754 0.13356 2.9997
1.10064 66.04 1.10064 3.36815 0.13295 2.9943
1.10107 66.06 1.10107 3.36846 0.13264 2.9910
1.10151 66.09 1.10151 3.36815 0.13295 2.9919
1.10195 66.12 1.10195 3.36754 0.13356 2.9949
1.10239 66.14 1.10239 3.36734 0.13377 2.9951
1.10283 66.17 1.10283 3.36703 0.13407 2.9960
1.10327 66.20 1.10327 3.36693 0.13417 2.9955
1.10370 66.22 1.10370 3.36693 0.13417 2.9943
1.10414 66.25 1.10414 3.36724 0.13387 2.9910
1.10458 66.27 1.10458 3.36703 0.13407 2.9912
255 
Time 
(min) 
Time 
(sec) 
Cumulative 
Delta Time(min)
Depth 
(ft) 
Cumulative 
Delta h (ft) (1/t)ln(H0/Ht)
1.10502 66.30 1.10502 3.36693 0.13418 2.9907
1.10546 66.33 1.10546 3.36713 0.13397 2.9882
1.10590 66.35 1.10590 3.36754 0.13356 2.9842
1.10634 66.38 1.10634 3.36764 0.13346 2.9823
1.10677 66.41 1.10677 3.36734 0.13376 2.9832
1.10721 66.43 1.10721 3.36764 0.13346 2.9800
1.10765 66.46 1.10765 3.36744 0.13366 2.9802
1.10809 66.49 1.10809 3.36734 0.13377 2.9797
1.10853 66.51 1.10853 3.36703 0.13407 2.9806
1.10897 66.54 1.10897 3.36724 0.13387 2.9780
1.10941 66.56 1.10941 3.36754 0.13356 2.9748
1.10984 66.59 1.10984 3.36744 0.13366 2.9743
1.11028 66.62 1.11028 3.36744 0.13366 2.9731
1.11072 66.64 1.11072 3.36744 0.13366 2.9719
1.11116 66.67 1.11116 3.36754 0.13356 2.9701
1.11160 66.70 1.11160 3.36754 0.13356 2.9689
1.11204 66.72 1.11204 3.36744 0.13366 2.9684
1.11247 66.75 1.11247 3.36764 0.13346 2.9659
1.11291 66.77 1.11291 3.36744 0.13366 2.9661
1.11335 66.80 1.11335 3.36754 0.13356 2.9642
1.11379 66.83 1.11379 3.36754 0.13356 2.9631
1.11423 66.85 1.11423 3.36754 0.13356 2.9619
1.11467 66.88 1.11467 3.36703 0.13407 2.9641
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FH 2-Passive monitoring of water table response to flood pulses (Pinder et al. 1969) 
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Date/Time 
River 
Stage (m) 
Change 
in River 
Stage 
(m) 
Well Stage 
(m) 
Change in 
water level 
(m) 
Sum of 
change 
(m) 
1/17/05 0:00 929.6  930.3   
1/17/05 1:00 929.6 -0.0030 930.3 -0.0030 -0.0030 
1/17/05 2:00 929.6 0.0000 930.3 0.0030 0.0000 
1/17/05 3:00 929.6 0.0091 930.3 0.0000 0.0000 
1/17/05 4:00 929.6 -0.0122 930.3 0.0000 0.0000 
1/17/05 5:00 929.6 -0.0061 930.3 -0.0030 -0.0030 
1/17/05 6:00 929.6 0.0091 930.3 0.0000 -0.0030 
1/17/05 7:00 929.6 0.0152 930.3 0.0091 0.0061 
1/17/05 8:00 929.6 0.0091 930.3 -0.0061 0.0000 
1/17/05 9:00 929.6 -0.0152 930.3 -0.0061 -0.0061 
1/17/05 10:00 929.6 -0.0183 930.3 0.0061 0.0000 
1/17/05 11:00 929.6 0.0061 930.3 -0.0061 -0.0061 
1/17/05 12:00 929.6 -0.0091 930.3 -0.0030 -0.0091 
1/17/05 13:00 929.6 0.0030 930.3 0.0061 -0.0030 
1/17/05 14:00 929.6 0.0122 930.3 0.0030 0.0000 
1/17/05 15:00 929.6 -0.0030 930.3 0.0000 0.0000 
1/17/05 16:00 929.6 0.0030 930.3 -0.0030 -0.0030 
1/17/05 17:00 929.6 -0.0061 930.3 0.0000 -0.0030 
1/17/05 18:00 929.6 0.0061 930.3 -0.0030 -0.0061 
1/17/05 19:00 929.6 -0.0061 930.3 0.0091 0.0030 
1/17/05 20:00 929.6 0.0152 930.3 -0.0030 0.0000 
1/17/05 21:00 929.6 -0.0061 930.3 0.0030 0.0030 
1/17/05 22:00 929.6 0.0061 930.3 -0.0091 -0.0061 
1/17/05 23:00 929.6 -0.0030 930.3 0.0061 0.0000 
1/18/05 0:00 929.6 0.0122 930.3 0.0000 0.0000 
1/18/05 1:00 929.6 -0.0061 930.3 0.0061 0.0061 
1/18/05 2:00 929.6 0.0030 930.3 0.0000 0.0061 
1/18/05 3:00 929.6 0.0152 930.3 0.0030 0.0091 
1/18/05 4:00 929.6 0.0000 930.3 0.0000 0.0091 
1/18/05 5:00 929.6 -0.0030 930.3 0.0000 0.0091 
1/18/05 6:00 929.6 0.0091 930.3 0.0030 0.0122 
1/18/05 7:00 929.6 0.0091 930.3 0.0061 0.0183 
1/18/05 8:00 929.6 0.0183 930.3 -0.0061 0.0122 
1/18/05 9:00 929.6 0.0030 930.3 0.0122 0.0244 
1/18/05 10:00 929.6 0.0030 930.3 -0.0061 0.0183 
1/18/05 11:00 929.6 0.0030 930.3 0.0122 0.0305 
1/18/05 12:00 929.6 0.0061 930.3 -0.0091 0.0213 
1/18/05 13:00 929.6 -0.0061 930.3 0.0061 0.0274 
1/18/05 14:00 929.6 0.0030 930.3 -0.0030 0.0244 
1/18/05 15:00 929.6 -0.0091 930.3 0.0061 0.0305 
1/18/05 16:00 929.6 0.0091 930.3 0.0000 0.0305 
1/18/05 17:00 929.7 0.0091 930.3 0.0091 0.0396 
1/18/05 18:00 929.7 0.0061 930.3 -0.0030 0.0366 
1/18/05 19:00 929.7 0.0061 930.3 -0.0030 0.0335 
1/18/05 20:00 929.7 0.0396 930.3 0.0122 0.0457 
1/18/05 21:00 929.7 0.0183 930.3 -0.0030 0.0427 
1/18/05 22:00 929.7 0.0244 930.3 0.0030 0.0457 
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Date/Time 
River 
Stage (m) 
Change 
in River 
Stage 
(m) 
Well Stage 
(m) 
Change in 
water level 
(m) 
Sum of 
change 
(m) 
1/18/05 23:00 929.8 0.0122 930.3 0.0061 0.0518 
1/19/05 0:00 929.8 0.0213 930.3 0.0000 0.0518 
1/19/05 1:00 929.8 0.0274 930.3 0.0091 0.0610 
1/19/05 2:00 929.8 0.0213 930.3 0.0030 0.0640 
1/19/05 3:00 929.8 0.0122 930.3 0.0152 0.0792 
1/19/05 4:00 929.9 0.0061 930.3 0.0030 0.0823 
1/19/05 5:00 929.8 -0.0061 930.4 0.0091 0.0914 
1/19/05 6:00 929.9 0.0091 930.4 0.0061 0.0975 
1/19/05 7:00 929.9 0.0122 930.4 -0.0030 0.0945 
1/19/05 8:00 929.9 -0.0061 930.4 0.0061 0.1006 
1/19/05 9:00 929.9 0.0213 930.4 0.0091 0.1097 
1/19/05 10:00 929.9 0.0061 930.4 0.0000 0.1097 
1/19/05 11:00 929.9 -0.0274 930.4 0.0091 0.1189 
1/19/05 12:00 929.9 -0.0061 930.4 0.0030 0.1219 
1/19/05 13:00 929.9 0.0152 930.4 -0.0030 0.1189 
1/19/05 14:00 929.9 -0.0183 930.4 0.0061 0.1250 
1/19/05 15:00 929.9 0.0091 930.4 0.0030 0.1280 
1/19/05 16:00 929.9 0.0030 930.4 0.0000 0.1280 
1/19/05 17:00 929.9 0.0091 930.4 0.0061 0.1341 
1/19/05 18:00 929.9 0.0000 930.4 0.0061 0.1402 
1/19/05 19:00 929.9 0.0335 930.4 0.0000 0.1402 
1/19/05 20:00 929.9 -0.0366 930.4 0.0061 0.1463 
1/19/05 21:00 929.9 0.0030 930.4 -0.0030 0.1433 
1/19/05 22:00 929.9 -0.0152 930.4 0.0000 0.1433 
1/19/05 23:00 929.9 -0.0030 930.4 0.0030 0.1463 
1/20/05 0:00 929.8 -0.0061 930.4 0.0030 0.1494 
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5A-Passive monitoring of water table response to flood pulses (Pinder et al. 1969) 
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Date/Time 
River 
Stage (m) 
Change 
in River 
Stage 
(m) 
Well Stage 
(m) 
Change in 
water level 
(m) 
Sum of 
change 
(m) 
6/1/05 0:00 930.0698  926.0787   
6/1/05 1:00 930.0667 -0.0030 926.0818 0.0030 0.0030 
6/1/05 2:00 930.0637 -0.0030 926.0726 -0.0091 -0.0061 
6/1/05 3:00 930.0759 0.0122 926.0818 0.0091 0.0030 
6/1/05 4:00 930.0789 0.0030 926.0848 0.0030 0.0061 
6/1/05 5:00 930.0667 -0.0122 926.0818 -0.0030 0.0030 
6/1/05 6:00 930.0850 0.0183 926.0940 0.0122 0.0152 
6/1/05 7:00 930.0789 -0.0061 926.0848 -0.0091 0.0061 
6/1/05 8:00 930.0881 0.0091 926.0848 0.0000 0.0061 
6/1/05 9:00 930.0850 -0.0030 926.0787 -0.0061 0.0000 
6/1/05 10:00 930.0942 0.0091 926.0909 0.0122 0.0122 
6/1/05 11:00 930.1033 0.0091 926.0909 0.0000 0.0122 
6/1/05 12:00 930.1002 -0.0030 926.0940 0.0030 0.0152 
6/1/05 13:00 930.1124 0.0122 926.0970 0.0030 0.0183 
6/1/05 14:00 930.1155 0.0030 926.1031 0.0061 0.0244 
6/1/05 15:00 930.1155 0.0000 926.1061 0.0030 0.0274 
6/1/05 16:00 930.1277 0.0122 926.1061 0.0000 0.0274 
6/1/05 17:00 930.1307 0.0030 926.1092 0.0030 0.0305 
6/1/05 18:00 930.1338 0.0030 926.1122 0.0030 0.0335 
6/1/05 19:00 930.1521 0.0183 926.1122 0.0000 0.0335 
6/1/05 20:00 930.1521 0.0000 926.1153 0.0030 0.0366 
6/1/05 21:00 930.1612 0.0091 926.1153 0.0000 0.0366 
6/1/05 22:00 930.1734 0.0122 926.1183 0.0030 0.0396 
6/1/05 23:00 930.1704 -0.0030 926.1244 0.0061 0.0457 
6/2/05 0:00 930.1704 0.0000 926.1275 0.0030 0.0488 
6/2/05 1:00 930.1856 0.0152 926.1336 0.0061 0.0549 
6/2/05 2:00 930.1947 0.0091 926.1366 0.0030 0.0579 
6/2/05 3:00 930.1917 -0.0030 926.1366 0.0000 0.0579 
6/2/05 4:00 930.2069 0.0152 926.1397 0.0030 0.0610 
6/2/05 5:00 930.2130 0.0061 926.1427 0.0030 0.0640 
6/2/05 6:00 930.2191 0.0061 926.1488 0.0061 0.0701 
6/2/05 7:00 930.2222 0.0030 926.1549 0.0061 0.0762 
6/2/05 8:00 930.2313 0.0091 926.1580 0.0030 0.0792 
6/2/05 9:00 930.2679 0.0366 926.1641 0.0061 0.0853 
6/2/05 10:00 930.2679 0.0000 926.1732 0.0091 0.0945 
6/2/05 11:00 930.2557 -0.0122 926.1793 0.0061 0.1006 
6/2/05 12:00 930.2648 0.0091 926.1823 0.0030 0.1036 
6/2/05 13:00 930.2618 -0.0030 926.1884 0.0061 0.1097 
6/2/05 14:00 930.2679 0.0061 926.1915 0.0030 0.1128 
6/2/05 15:00 930.2770 0.0091 926.1915 0.0000 0.1128 
6/2/05 16:00 930.3014 0.0244 926.2037 0.0122 0.1250 
6/2/05 17:00 930.2892 -0.0122 926.2067 0.0030 0.1280 
6/2/05 18:00 930.2862 -0.0030 926.2128 0.0061 0.1341 
6/2/05 19:00 930.2648 -0.0213 926.2250 0.0122 0.1463 
6/2/05 20:00 930.2831 0.0183 926.2311 0.0061 0.1524 
6/2/05 21:00 930.2770 -0.0061 926.2403 0.0091 0.1615 
6/2/05 22:00 930.2801 0.0030 926.2372 -0.0030 0.1585 
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Appendix G. 
 
 
Water Table Maps 
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Appendix H. 
 
 
Vertical Hydraulic Gradient 
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Piezometer @ 
SG 0 4/30/04 7/20/04  
Total Length 4.9 4.9  
Depth to Bed 3.2 3.11  
Depth below Bed 1.7 1.79  
 SWL River dh/dl 
04/30/04 15:05 4.65 2.55 -1.24 
06/4/04 12:37 1.59 1.65 0.04 
06/14/04 13:03 1.3 1.3 0.00 
07/7/04 11:45 2.2 2.48 0.16 
07/20/04 12:10 2.6 2.78 0.10 
08/28/04 09:50 2.36   
10/12/04 10:25 2.47 2.61 0.08 
05/3/05 11:35 4.5 1.93 -1.44 
05/16/05 13:53 1.45 1.26 -0.11 
    
Piezometer @ 
SG 1 4/30/04 7/8/04 8/28/04
Total Length 4.9 4.9 4.9 
Depth to Bed 3.37 3.5 2.59 
Depth below Bed 1.53 1.4 2.31 
 SWL River dh/dl 
04/30/04 10:25 2.4 2.23 -0.11 
06/1/04 18:24 1.64 1.53 -0.07 
06/14/04 09:34 1.17 1.17 0.00 
07/8/04 11:25 2.05 2.18 0.09 
07/20/04 13:20 2.29 2.36 0.05 
08/28/04 09:50 2.2 2.23 0.01 
10/12/04 10:25 2.18 2.27 0.04 
12/16/04 11:50 2.29 2.1 -0.08 
04/5/05 12:46 2.75 2 -0.32 
05/2/05 12:48 2.7 1.74 -0.42 
05/16/05 14:55 1.49 1.19 -0.13 
     
Piezometer @ 
SG 2 4/30/2004 7/8/04 8/28/04 12/16/04
Total Length 4.86 4.86 4.86 4.86 
Depth to Bed 3.77 3.57 3.35 1.73 
Depth below Bed 1.09 1.29 1.51 3.13 
 SWL River dh/dl  
04/30/04 10:09 4.64 2.99 -1.51  
06/1/04 18:36 4.14 2.65 -1.37  
06/14/04 09:23 3.52 2.52 -0.92  
07/8/04 11:19 4.11 2.93 -0.91  
07/20/04 13:10 4.09 3.05 -0.81  
08/28/04 09:44 3.52 2.6 -0.61  
12/16/04 00:00 1.2 1.26 0.02  
04/5/05 12:31 1.31 1.19 -0.04  
05/2/05 12:40 1.31 0.85 -0.15  
05/16/05 14:40 -0.01 0.2 0.07  
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Piezometer @ 
SG 3 4/30/04 7/8/04 12/16/04 5/16/05 
Total Length 4.9 4.9 4.9 4.9 
Depth to Bed 3.24 3.13 3.39 2.45 
Depth below Bed 1.66 1.77 1.51 2.45 
 SWL River dh/dl  
04/30/04 09:49 2.19 2.14 -0.03  
06/1/04 18:00 1.32 1.32 0.00  
06/14/04 09:11 1 0.98 -0.01  
07/8/04 11:07 1.7 2 0.17  
07/20/04 12:43 1.81 2.1 0.16  
08/28/04 09:35 1.62 2.01 0.22  
12/16/04 11:31 0.77 0.95 0.12  
04/5/05 12:31 0.92 0.93 0.01  
05/2/05 13:40 0.56 0.53 -0.02  
05/16/05 15:07 1.45 1 -0.18  
    
Piezometer @ 
SG 4 4/830/04 7/8/04 12/16/04
Total Length 4.88 4.88 4.88 
Depth to Bed 3.25 2.79 3.35 
Depth below Bed 1.63 2.09 1.53 
 SWL River dh/dl 
04/30/04 00:00 2.93 2.94 0.01 
06/1/04 17:36 2.1 1.13 -0.60 
06/14/04 08:48 1.33 0.75 -0.36 
07/8/04 10:40 2.45 1.81 -0.31 
07/20/04 11:55 2.6 2.03 -0.27 
08/28/04 09:12 2.41 1.93 -0.23 
10/12/04 09:49 2.59 1.99 -0.29 
12/16/04 12:14 1.56 1.6 0.03 
04/5/05 12:00 1.74 1.62 -0.08 
05/2/05 13:11 1.35 1.35 0.00 
05/16/05 15:25 0.65 0.61 -0.03 
09/14/05 14:20 1.7 1.57 -0.08 
    
Piezometer @ 
SG 5 4/30/2004 7/20/04 4/5/05 
Total Length 4.9 4.9 4.9 
Depth to Bed 3.25 3.1 2.95 
Depth below Bed 1.65 1.8 1.95 
 SWL River dh/dl 
04/30/04 11:11 1.72 1.51 -0.13 
06/1/04 16:50 0.9 0.8 -0.06 
06/14/04 10:08 0.65 0.42 -0.14 
07/8/04 12:37 1.47 1.39 -0.05 
07/20/04 14:20 1.53 1.46 -0.04 
08/28/04 10:22 1.47 1.4 -0.04 
12/16/04 13:22 1.5 1.46 -0.02 
04/6/05 10:46 1.6 1.36 -0.12 
04/12/05 12:00 1.6 1.88 0.14 
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05/2/05 13:59 1.2 1.05 -0.08 
05/16/05 12:09 0.19 0.48 0.15 
    
Piezometer @ 
SG 6 4/30/04 7/20/04 4/5/05 
Total Length 4.89 4.89 4.89 
Depth to Bed 3.16 3.13 3.15 
Depth below Bed 1.73 1.76 1.74 
 SWL River dh/dl 
04/30/04 08:43 1.73 1.96 0.13 
06/1/04 16:28 0.83 0.83 0.00 
06/14/04 08:14 0.43 0.44 0.01 
07/7/04 09:59 1.47 1.75 0.16 
07/20/04 10:57 1.64 1.91 0.15 
08/28/04 08:43 1.36 1.75 0.22 
10/12/04 09:21 1.51 1.86 0.20 
12/16/04 13:00 1.45 1.7 0.14 
04/5/05 13:42 1.52 1.63 0.06 
05/2/05 14:32 1.12 1.2 0.05 
05/16/05 16:10 0.35 0.35 0.00 
    
Piezometer @ 
SG 7 4/30/04 7/8/04  
Total Length 4.9 4.9  
Depth to Bed 3.12 3.14  
Depth below Bed 1.78 1.76  
 SWL River dh/dl 
04/30/04 12:46 1.84 2.18 0.19 
06/1/04 15:48 0.86 1.13 0.15 
06/14/04 11:19 0.64 0.8 0.09 
07/8/04 14:02 1.65 1.97 0.18 
07/20/04 15:29 1.68 2.12 0.25 
08/28/04 11:26 1.3 1.99 0.39 
10/12/04 12:51 1.38 2.04 0.38 
12/16/04 13:05 1.35 1.93 0.33 
04/5/05 09:40 1.61 1.86 0.14 
05/2/05 15:36 1.22 1.5 0.16 
05/16/05 16:30 0.47 0.67 0.11 
    
Piezometer @ 
SG 8    
Total Length 4.89   
Depth to Bed 3.2   
Depth below Bed 1.69   
 SWL River dh/dl 
04/30/04 11:46 2.19 2.1 -0.05 
06/1/04 15:05 1.41 1.45 0.02 
06/14/04 10:30 1.2 1.23 0.02 
07/8/04 13:17 1.87 1.96 0.05 
07/20/04 15:05 2.03 2.05 0.01 
08/28/04 10:42 1.69 2 0.18 
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10/12/04 11:55 1.82 2 0.11 
12/16/04 13:30 1.79 1.95 0.09 
04/5/05 09:55 1.89 1.94 0.03 
05/2/05 14:56 1.71 1.68 -0.02 
05/16/05 12:32 1.1 1.05 -0.03 
   
Piezometer @ 
SG 9 4/30/06 7/8/05  
Total Length 4.88 4.88  
Depth to Bed 3.25 3.14  
Depth below Bed 1.63 1.74  
 SWL River dh/dl 
04/30/04 10:25 2.06 2.36 0.18 
06/1/04 14:40 1.33 1.5 0.10 
06/14/04 10:46 1.2 1.31 0.07 
07/8/04 13:22 1.93 2.03 0.06 
07/20/04 10:13 2.02 2.24 0.13 
08/28/04 10:59 1.88 2.19 0.18 
10/12/04 12:12 1.86 2.18 0.18 
04/5/05 10:10  2.11  
05/2/05 15:15 1.66 1.86 0.11 
05/16/05 12:54 1.2 1.1 -0.06 
  
Piezometer @ 
SG 10 4/30/04 7/21/04  
Total Length 4.9 4.9  
Depth to Bed 3.37 2.8  
Depth below Bed 1.53 2.1  
 SWL River dh/dl 
04/30/04 14:30  2.8 
06/1/04 13:44 1.55 1.55 0.00
06/14/04 13:50 1.41 1.29 -0.08
07/7/04 11:30 2.13 2.13 0.00
07/21/04 11:45 2.36 2.24 -0.06
08/28/04 13:16 2.11 2.12 0.00
10/12/04 13:34 2.23 2.17 -0.03
12/16/04 14:21 2.29 2.13 -0.08
05/3/05 11:14 1.92 1.83 -0.04
05/16/05 13:31 1.31 1.17 -0.07
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Appendix I. 
 
 
Streambed Temperature Profile, Level Logger Data and VS2DI .VS2 Files 
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 Complete data sets from streambed temperature monitoring, VS2DI input files 
and hourly continuous water level recorder observations are included on the enclosed 
CD.  
 
 
